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This  r e p o r t  s u m m a r i z e s  the r e su l t s  of a s tudy  p rogram in- 
vestigating the var iab les  affecting and influencing joint  pre-load (a- 
c lamp  load) p rope r t i e s  of installed s t r u c t u r a l  bolts and nuts  as employed 
in the fabricat ion and construct ion of launch and s p a c e  vehic les .  
objective of t h i s  s tudy w a s  the es tab l i shment  of re l iable  installation 
technol9gy and torque-tens ion values  for the var ious  bolt-nut combina- 
t ions included in the project .  
The 
The  p rogram encompassed two dist inct  phases .  Phase  I 
involved a comprehens ive  evaluation of the range  of var iab les  influencing 
torque-tension p rope r t i e s  of bolt-nut fastening systems. This  detailed 
phase of the s tudy  was  Limited to bolts fabricated f r o m  AIS1 8740 s t e e l  
and 6A1-4V t i tanium alloy in both tension type ex terna l  wrenching head 
and s h e a r  type hexagon head configlrrations. 
p rog ram was  l imited to developing torque-tension relat ionships  of var ious  
bolts fabr icated f r o m  A286 CRES, H- 1 1 s t e e l ,  AMs6304 s t e e l ,  AMs6487 
steel, 5A1-2.5 S n  (ELI) t i tanium alloy and 2024-T4 aluminum alloy iii 
addition to the bolts covered under  the Phase I investigation. 
The Phase  I 1  p a r t  of the 
The study indicated that  installation torque values  intended to  
Repetitive u s e  of the same nut-bolt a s sembly  at 
uevelop des i r ed  induced bolt c l amp  loads are essentLally valid only for 
the initial application. 
the objective design installation torque r e s u l t s  in a continuing toss of 
induced c l amp  load through 1 5  cycles. The da ta  indicated that c l amp  
loads w e r e  influenced by var i ab le s  such  as hole size and lubrication. 
For three hole s i z e s  investigated, sl ightly higher  c l amp  loads w e r e  real-  
ized f o r  the nominal hole s i z e .  Addition of MIL-T-5544 supplemental  
lubricant  substant ia l ly  reduced installation torque values  to achieve 
objective deslgn c l a m p  loads .  Nut design and finish and type of w a s h e r s  
employed in the fastening system are c r i t i ca l  to overa l l  per formance .  
For higher  s t r eng th  bolt series, development of compat ible  high s t rength  
w a s h e r s  i s  par t icu lar ly  warran ted .  Also, for purposes  of this  p rogram,  
the range  of test torque-tension relat ionshtps  w e r e  predicated on develop- 
ing c l a m p  loads up to 90% of bolt yield s t rength .  However, f o r  actual  
s t ruc tu ra l  a s sembly  and s e r v i c e  applications,  cons ideratian sholrld be 
given to establishing c l a m p  load c r i t e r i a  at some bas i s  less than 90% of 
bolt 4 ield s t r eng th .  2 ns study indicated the need for more accura te ly  
defining yield s t r c r q t h  and re la ted  mechanical p rope r t i e s  of s t r u c t u r a l  
bol ts ,  in o r d e r  to es tab l i sh  rel iable  installation c l amp  load requi rements .  
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PF\/'ELOPMENT OF TECHNCLOGY FOR 
INSTALLATION O F  MECHANICAL FASTENERS 
SUMMARY 
6 
One of the most significant concerns  in a s su r ing  the s t ruc tu ra l  
integrity of mechanically fastened s t r u c t u r e s  and equipment i s  the 
p rope r  control of preload in the Installed f a s t ene r  system. The ob- 
ject ive of th i s  program was the investigation of the var iab les  influenc- 
Ing jolnt  c l amp  loads tn the bolt-nut s y s t e m ,  and the development of 
re l iable  installation c r i t e r i a  f o r  high per formance  ae rospace  bolts and 
nuts.  
applicable to the fabrication of launch and s p a c e  vehicles  w a s  the develop- 
ment  of a c l a m p  load in the bolt equal to 90% of the bolt yield s t rength ,  
with a des i red  measu remen t  accuracy  of 5%. 
.. The bas ic  requi rement  outlined by NASA f o r  mechanical f a s t ene r s  f 
The study was  undertaken in two phases .  The f i r s t  phase involved 
an intensive examinatlon of the key f ac to r s  affecting induced c l amp  
loads in s t ruc tu ra l  f a s t ene r s .  This phase included both evaluation of 
bas ic  f a s t ene r  mechanical proper t ies ,  and torque-tension investigation 
of such  influencing cha rac t e r i s t i c s  as hole s i z e ,  lubrication s y s t e m s ,  
effect of bending, nut design and finish,  wrenching s y s t e m s ,  cor re la -  
tion of load measuring s y s t e m s ,  and study of performance under  repe- 
titive installation application. Based on the findings of the Phase  I 
investigation, an  optimum technique w a s  employed to develop suggested 
installation torque-tension values  f o r  the bolt s e r i e s  under  the Phase I1 
p a r t  of the program.  Test bolts covered the sange of tensi le  s t rengths  
f r o m  427,5 MN/m2 (62 K S I )  to 1792,6 MN/m (260 K S I )  and included 
bolts fabr icated f r o m  AIS1 8740 stee1,H-11 steel, AMS 6304 s t e e l ,  AMS 
6485 s t ee l ,  A286 CRES, 6Al-4V titanium alloy, 5AL-2.5 Sn (ELI) 
t l tanlum alloy, and 2024-T4 aluminum alloy. 
The r e su l t s  of the mechanical proper ty  tests indicated that  yield 
s t r eng th  cor re la t ion  between full s c a l e  bolts and parent  ma te r i a l  test 
coupons i s  questionable, and in some cases not re l iable .  The differences 
may possibly be attr ibuted to effect  of manufacturing methods,  s u c h  as 
the influence of thread rolling a f t e r  heat  treatment, p r i o r  drawing, and 
cold work  of parent  ma te r i a l ,  and size effect  and through hardening in 
heat  t rea tment .  S ince  design c l amp  load values  are related to f a s t ene r  
yield s t rength  determination, the need f o r  an  accepted s tandard in es- 
tablishing bolt yield s t rength  values  i s  considered to be of p r ime  impor- 
tance. Under this  study, the Johnsan 's  2/3 Approximate Method was  
utilized to de termine  yield s t rength  of full s c a l e  bolts and w a s  employed 
in deference to yield s t rength  da ta  developed by reduced gage sect ion 
test coupons fabricated f rom comparable  bolt spec imens .  
The wide range  of bolts studied pointed up m a j o r  differences in 
defined bolt  t ens i le  stress areas often for bolts of s i m i l a r  design,  
ma te r i a l ,  and tensi le  s t rength  rat ing.  While i t  may not be feasible  
to a r b i t r a r i l y  change tensi le  stress areas f o r  es tabl ished recognized 
bolt s tandards ,  s o m e  concessions in adjusting design objective c l amp  
load values  may be necessa ry  to avoid m a j o r  confirsion for torque- 
tension installation c r i t e r i a .  F u r t h e r  investigation may be  warran ted  
to m o r e  closely define tensi le  stress area s t anda rds  more representa-  
t ive of the actual  manufactured bolt mechanical proper t ies .  
The c r i t e r i a  f o r  installation of s t ruc tu ra l  bolts indicated that  
precis ion s t r a i n  gage load c e l l s  provided the mos t  uniform and accura t e  
measu remen t  of induced c l amp  loads.  The corre la t ion  of induced c l amp  
load by means of applied torque to the f a s t ene r  system resul ted in s o m e  
var ia t ion.  However, torque wrenches  to m e a s u r e  spec i f ic  applied 
torque r ep resen t  common useable  tools and provide s o m e  degree  of 
control  in the absence of a l te rna te  acceptable  techniques.  
From the test p rogram,  installation torque values  w e r e  establ ished 
to approximate design c l amp  loads equal to 90% of bolt yield s t rength .  
The test da ta  indicates though that the torque-tenston values  are valid 
for the f i r s t  installation only. Repetitive u s e  of the s a m e  bolt-nut 
combination r e su l t s  in continued deter iorat ion of induced c l amp  loads 
with as much as 50% loss  after 1 5  installation cyc les .  U s e  of supple- 
mental  thread lubricant such  as MIL-T-5544 improves c l amp  load 
cha rac t e r i s t i c s  at reduced torque va lues ,  but r e q u i r e s  ve ry  c l o s e  con- 
t r o l  of installation torque to prevent  fa i lure  of the f a s t ene r  system. 
The evaluation of resul tant  torque-tension proper t ies  was  studied 
in t h r e e  hole s i z e s ;  i o  e. minimum, nominal, and oversize. 
indicated that  highest  c l amp  loads w e r e  achieved f o r  the same f a s t e n e r s  
in the nominal hole s i z e .  Reduced c l amp  loads in the minimum hole 
appeared to be at t r ibuted to binding or scor ing ,  while the lower c l amp  
loads in the ove r s i ze  hole appea r  to be affected by coining of the mating 
w a s h e r s  and some loss in bear ing proper t les  of the fa s t ene r s .  
The tests 
Per formance  of mating nuts  furnished with cadmtum plate and d r y  
f l lm lubricant  f inish w e r e  essent ia l ly  comparable ,  although marginal ly  
lower torques  w e r e  required with the d r y  f i lm lubrtcant  nuts to develop 
the s a m e  objective c l amp  load. S i l v e r  plated nuts general ly  exhibtted 
poor lubrication qual i t ies  result ing in higher  installation torque require- 
ments .  The data  developed a l s o  indicated that higher  tnstallatton torques  
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w e r e  required when torquing the bolt head. 
There was  no appreciable  effect  on the  c l amp  load proper t ies  of 
the f a s t e n e r s  when subjected to 3" bending. 
peared to accomodate th i s  misalignment without dras t ica l ly  affecting 
the torque-tension relat ionships .  
The f a s t ene r  s y s t e m  ap- 
More  consis tent  control  of installation torques  was  maintained with 
Hexagon socke t s  exhibited a tendency to w e a r  
Jhe limited sp l ine  d r ives  studied under  the program demon- 
I 
12-point driving sockets .  
at the c o r n e r s  with repeated use ,  result ing in a s l ight  loss of torque 
capabili ty.  
s t r a t e d  good ltorque control  under  repeti t ive application . 
A signif 'cant  component of the f a s t ene r  system i s  the mating 1 washer  used under  the nut and the bolt head. The torque test conducted 
indicated excess ive  scor ing ,  galling, coining, and distortion of both the 
AN960 and MS20002 s e r i e s  s t e e l ,  cadmium plated washe r s .  I t  i s  con- 
s ide red  that the wide range of washe r  per formance  contr ibutes  d i rec t ly  
to maintaining uniform torque control .  Improved washe r  s t anda rds  
are considered essent ia l ;  par t tcular ly ,  for higher  s t r eng th  series bolts. 
Investigation should be centered on uniform hardness  and finish consid- 
e ra t ions .  The  spec ia l  PLI w a s h e r s  w e r e  determined to be effective, 
but are sens l t ive  to torque control in o r d e r  to maintain objective c l amp  
load values  in the assembled  f a s t ene r .  
I t  i s  recommended that the torque-tension da ta  f o r  installation of 
s t ruc tu ra l  ae rospace  bolts be noted as applicable for the initial appli- 
cation only. In c r i t i ca l  s t ruc tu ra l  applications where  replacement  or  
r e p a i r  are needed, a new nut should be used to develop design objective 
c l amp  load. I t  i s  also suggested that investigation be undertaken of 
c l amp  load cha rac t e r i s t i c s  of plate nuts,  i n se r t s ,  and o the r  permanent  
nuts subjected to repeti t ive installation. 
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The  continuing development and introduction of new fa s t ene r s  and 
high per formance  ma te r i a l s  has  emphasized the need f o r  re l iable  in- 
s ta l la t ion c r i t e r i a  f o r  these s a m e  fa s t ene r s  used in  launch and space  
vehicle  s t r u c t u r e s  and equipment 
fastening devices  are many and var ied ,  th i s  s tudy w a s  concerned with 
the par t icu lar  problems associated with the installation var iab les  of 
s tandard  s t r u c t u r a l  bolt and nut s y s t e m s .  
w a s  outlined to evaluate  the torque-tens ion p rope r t i e s  of prominent 
bolt s y s t e m s  and some of the criLical factors influencing installation 
per formance  cha rac t e r i s t i c s .  
h 'h i le  the types of c u r r e n t  ae rospace  
3pecifically,  the program 
T h e r e  are unique and compelling r easons  f o r  the u s e  of the bolt-and- 
nut s y s t e m .  
More important ,  they provide the abil i ty f o r  quick d isassembly  and re- 
as sembly ,  where  maintenance or r e p k i r s  are required.  Eolcs and nuts 
are avai lable  in a multitude of head s b l e s  and s i z e s  f r o m  a wide network 
of responsible  commerc ia l  supp l i e r s .  Fu r the r ,  these  f a s t ene r s  c a n  be 
fabricated f r o m  s tandard  as well as exotic new m a t e r i a l s  to m e e t  exacting 
or  unusual environmental  and mecha-  ical  per formance  requi rements  asso- 
ciated with modern ae rospace  s t rdc t c l r e s .  Supporting design da ta  accumu- 
lated over many y e a r s ,  coupled with the re la t ive  low cost and availabil i ty 
of these mechanical f a s t ene r s  has  therefore ,  contributed to the acceptance 
of the bolt-and-nut system as a "standard" in the ae rospace  industry.  
Significantly,  because of the m a r y  advantages,  considerable  effor t  
has  been expended in the development of s t anda rds  and specifications for 
bol ts  and nuts employed in the construct ion of aircraft and launch and 
s p a c e  vehicles  Prominent  s tandsrdizat ion e f for t s  have been contributed 
both by the Department  of Pefensc  and the National Aerospace  S tanda rds  
Commit tee .  Many of the p r i m e  ae rospace  con t r ac to r s  have fu r the r  
implemented industry s t anda rds  by developing company s t anda rds  to 
satisfy spec ia l  design objectives .,
"Er'olts and Nuts" c m  be installed with s imple  hand tools ,  
Unfortunately, the overwhelming major i ty  of specif icat ions and 
s t anda rds  cover only per formance  requi rements  f o r  the manufactured 
f a s t e n e r s  and do not provide f o r  thc development of supporting instal- 
lation data [l]. In the l a s t  analyL-ic; though, the f a s t ene r  that  has  been 
designed for a s t ruc tu ra l  application and carefu l ly  manufactured to a 
governing specification mus t  be instnlled in the s t r u c t u r e  by the "man 
with the wrench".  
ance  of s t ruc tu ra l  integri ty  may be lost result ing in potential s e r i o u s  
problem.;. 
Unless  the bolt and nut are proper ly  installed,  assur- 
Rasically,  the bolt and nut are p a r t  of the s t ruc tu ra l  joining 
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s y s t e m  intended to a t tach  s t r u c t u r e  and carry o r  t r a n s f e r  tensi le ,  s h e a r ,  
bending, or fatigue loads imposed on the s t ruc tu re .  The mating nut 
used with a bolt i s  intended to develop the full ra ted  s t rength  of the bolt 
and to prevent  l o s s  of the f a s t ene r  under  v ibra tory  or  environmental  
operating conditions. There i s  one additional function which i s  vital  
to this  s y s t e m .  The  action of tightening the nut-bolt a s sembly  during 
installation produces a c l amp  or  preload in the f a s t ene r  s y s t e m  which 
is c r i t i ca l  to overal l  joint performance.  Should the f a s t ene r  s y s t e m  be 
tightened too much, t h e r e  i s  the possibil i ty of yield or  actual  tors ional  
fa i lure  of the bolt-nut assembly .  Should the fa s t ene r  system be u n d e r  
tightened, t he re  i s  the probability that the f a s t ene r  assembly  may be sub- 
jected to fatigue stresses above the original design intent,  
Traditionally,  the c r i t e r i a  f o r  establishing the amount of correct 
tightening to achieve the des i r ed  c lamp load has  been identified as the 
torque-tension relationship.  The development of torque-tension da ta  
has  been a m a t t e r  of g r e a t  concern  to a l l  u s e r s  of threaded fas teners .  
Considerable  attention has been devoted to this area by the ae rospace ,  
automotive, construction, and o the r  m a j o r  industry groups  Although 
many of the f ac to r s  influencing the torque-tension relat ionship have been 
identified, no uniform c r i t e r i a  or  "formula" has  evolved which p resen t s  
a s imple  solution towards defining a s tandard  torque-tension relat ionship 
for any specif ic  application. There have been genera l  e s t ima tes  that  of 
the torque applied in tightening a bolt-nut s y s t e m ,  approximately 800k 
is used in overcoming inherent friction in the system [2 ]  [3]. A genera l  
approach for commerc ia l  bolts which has  been used by industrzy to ap- 
proximate installation torque corresponding to  a des i r ed  c l amp  load is 
reflected in the following formula  [2]: 
T = K D P  
T = Torque, in-lb (NM) 
K = Torque coefficient 
D = Nominal bolt d i ame te r ,  in. (m) 
P = Bolt tension or clamping load, lb (N) 
where :  
The one significant var iable  which is obvious In the formula  i s  the 
f ac to r  f o r  the torque coefficient which includes the  coefficient of friction. 
Ektensive p r i o r  work has  demonstrated that the coefficient of fr ic t ion 
v a r i e s  grea t ly  based on the  applied plating f inishes  of the bolt and nut 
s y s t e m ,  ex terna l  lubrication, and condition of the s t r u c t u r e  being jotned. 
Even under  optimum fastener  and usage conditions, I t  ha s  been suggested 
that  torque-tension relationships should be verified by means  of experi-  
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mental testing [4]. This  i s  particul a r l y  t r u e  of ae rospace  f a s t e n e r s  
which incorporate  a much wider  range of f a s t ene r  mater ia l ,  configu- 
ration, and finish cambinations than Is normally associated with com- 
merc ia l  pract ice .  
Recognizing the importance of valid torque-tension data ,  tests w e r e  
conducted over 25 years ago on the AN3 s t ee l  hexagon head a i r c r a f t  
machine bolt s e r i e s .  The resu l tan t  applicable torque-tension relation- 
s h i p s  have been widely published and used by both the A i r  Force and 
the Navy, as noted in Appendix A. Even though these torque-tension 
s t anda rds  f o r  861.8 MN/m2 (125 KSI) alloy s t ee l  bolts have been widely 
fallowed, subsequent  testing and ana lys i s  of th i s  da ta  has  suggested 
that the published values  may be subjec t  to variation in developing 
anticipated c lamp loads [5]. I t  i s  a l s o  interesting to note that while 
many new high performance bolt s t anda rds  have been introduced for 
u s e  in the ae rospace  industry superseding  the AN3 s e r i e s  s t e e l  bolts, 
comparable  torque-tension s t anda rds  for these newer  fasteners have 
not been s i m i l a r l y  generated.  Recent s u r v e y  of the ae rospace  lndustry 
has indicated that the re  ts a r e a l  lack of information and approach to 
uniformity of torque-tension c r i t e r i a  f o r  c r i t i ca l  s t ruc tu ra l  bolt-nut 
systems [SI. 
With th i s  background a comprehensive r e s e a r c h  and testing effort 
w a s  outlined to evaluate torque-tension relat ionships  for prominent 
existing ae rospace  bolts. .  The bolts var ied  with respect to mater ia l ,  
heat  treat level,  size, configuration, and finish.  Appropriate mating 
nuts w e r e  se lec ted  f o r  the var ious  bolt s e r i e s  including the s a m e  range 
of var iab le  fea tures .  In addition, spec ia l  intensive pre l iminary  tests 
were undertaken to s tudy the effect  of ce r t a in  installation var iab les  
possibly influenc ing resul tant  torque- tens ion relat ionships  . These  
var iab les  included torquing f r o m  the nut v e r s u s  the bolt head,effect of 
hole size, effect  of lubricant,  effect of induced bending, and effect of 
wrenching hardware  (sockets) on the performance of the test f a s t ene r s .  
The basic  objective of th i s  s tudy was  to establ ish the torque value which 
would produce a c l amp  load in the bolt equal to 90% of the yield s t rength  
of the bolt within an  accuracy  l imit  of 5%. 
P r i o r  to pursuing the project ,  s e v e r a l  bas ic  decis ions w e r e  made. 
F i r s t  was  the decision that  tests w e r e  to be performed on "standard" 
bol ts  as normally used in the construction of s p a c e  and launch vehicles.  
Thts  precluded the u s e  of the spec ia l  c l a s s  of bolts incorporating s t r a i n  
gages  o r  load indicating devices  positioned in the bolts. Such fasteners 
normal ly  requi re  dril l ing a hole in the c e n t e r  of the bolt to incorporate  
these devices .  
some m e a s u r e  of load control ,  s a c r i f i c e s  s o m e  fatigue s t rength  capa- 
bil i t ies.  
The tnclusion of the hole in the bolt, while achieving 
For th is  reason, i t  was considered that this  c l a s s  of f a s t ene r  
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would not be representa t ive  of genera l  u s e  bolts. 
Second, in order to gain as wide a representat ion as possible,  test 
The hardware  was  intended to be typical 
bolts and nuts w e r e  obtained f r o m  a ma jo r  cross sect ion of key aero- 
s p a c e  f a s t ene r  manufacturers .  
of "off-the-shelf" f a s t ene r s  as might normally be furnished to the Gov- 
ernment  o r  the ae rospace  industry.  Although one set of nuts and bolts 
w a s  specifically manufactured f o r  study under  th i s  program,  a l l  remain- 
ing bolts,  nuts,  and w a s h e r s  w e r e  identified as represent ing  s tandard  
s tock  f a s t ene r s .  Fu r the r ,  the intent of the p rogram was not to "qualify" 
o r  es tab l i sh  approval s t a t u s  f o r  the var ious  test f a s t ene r s  included in 
th i s  project .  
The third m a j o r  condition was  an at tempt  to investigate and/or 
es tab l i sh  test techniques which would pe rmi t  duplication by o the r  in- 
te res ted  labora tor ies .  I t  i s  recognized that spec ia l  purpose torque- 
tension test machines  have been built by individual companies  concerned 
with specif ic  a spec t s  of th i s  problem. Some  of these machines  are pro- 
hibtttvely expensive and are not commerc ia l ly  available.  A s i m p l e r  
hydraulic test device has been used commerc ia l ly ,  but has  been con- 
s ide red  to be l imited in terms of the accu rac i e s  required f o r  ae rospace  
applications.  Accordingly, the objective was  the s tudy of a n  economical,  
accu ra t e  torque-tension s y s t e m  , while s t i l l  taking advantage of new 
measuremen t  techniques developed in the l a s t  decade. As p a r t  of the 
project ,  i t  was  decided to compare  s e v e r a l  prominent measurement  
systems for determinat ion of bolt c l amp  load. 
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Also, choice of test f a s t ene r s  was  made on the bas i s  of prominent 
bolt ma te r i a l s  cu r ren t ly  in u s e  represent ing var ious  s t rength  levels  
The select ion of the ma te r i a l s ,  as noted in Table 1, permit ted evaluation 
taking into account modulus of elast ic i ty ,  bolt d e s  tgn, s t rength  level,  
and finish condition. 
s e r i e s  of test bolts was  assigned a spec imen group coding, also noted 
in Table I .  
To identify the var ious  bolt c l a s s e s ,  each specif ic  
With the definition of these  bas ic  conditions, the r e s e a r c h  and test 
program was  undertaken in two separate phases ,  as follows: 
Phase I - Investigation of Installation Vartab'les 
Phase  I1 - Torque-Tension Testing 
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PHASE I - INVESTIGATION O F  INSTALLATION VARIABLES 
Out1 ine 
The investigation phase of the program was outlined as an inten- 
sive study of factors which contribute to o r  influence torque-tension 
properties. In order to correlate performance characteristics, the 
first phase was devoted to evaluation of mechanical properties. The 
second phase of the project encompassed the torque-tension behavior 
of the bolts. Included in this aspect of the program was performance 
as affected by load measurement system, hole size, effect of bending, 
type of wrenching device, nut configuration, plated finish and lubrica- 
tion, and method of torquing (i. e. torquing from the nut versus the 
bolt head). 
TABLE 1 
LIST O F  BASIC BOLT MATERIALS INCLUDED 






















AMS 6485 Steel 
5A1-2.5SN (ELI) TitaniJm 
6A1-4V Titanium 
6A1-4V Titanium Alloy 
AMS 6304 Steel 
AISI 8740 Steel 
AISI 8740 Steel 
2024-T4 Aluminum Alloy 
Minimum 



























The  comprehensive investigation of installation var iable-  was  
l imited to bolts fabr icated f r o m  AISI 8730 s t ee l  and 6A1-4V ti tanium 
al loy (Specimen Groups S, R, T, and U). 
bolt ma te r i a l s ,  configurations included ex terna l  wrenching head, 
fatigue ra ted ,  tension type bolts and hexagon head, s h o r t  t h read ,  
s h e a r  type bolts.  Bolt s i z e s  included 6.350 rnm (1/4"), 9.525 mrn 
(3/8"), 12.700 m m  (1/2") and 19.050 m m  (3/4") nominal d i ame te r s .  
Pa r t i cu la r  attention was  given to the alloy s t e e l  tension type bolts,  
with va r ious  bolt lengths in the  same d iame te r  to a l s o  pe rmi t  in- 
f luence of the length p a r a m e t e r  on torque-tension behavior.  The 
identification of the test bolts used for the Phase  I investigation is 
s u m m a r i z e d  in Table 2, 
For each  of the  two p r i m e  
Mating test nuts w e r e  se lec ted  as normal ly  being used with the  
Prime consideration w a s  given to nut select ion 
In addition, va r i ab le s  
specified test bolt. 
on the bas i s  of being capable  of developing the full minimum ra ted  
s t a t i c  tens i le  s t rength  specified f o r  the bolt. 
f o r  the nut included ma te r i a l ,  s u r f a c e  finish,  and wrenching design. . 
Since  the preponderence of nuts used in ae rospace  s t ruc tu ra l  s y s t e m  
are of the  self-locking destgn,  all test nuts  used incorporated a self- 
locking fea ture .  I t  should be noted that while the va r ious  test nuts 
var ied with r e s p e c t  to design,  ma te r i a l ,  and s t r eng th  level,  inherent 
locking torque f ea tu res  of the nuts were  in accordance  with Mil i tary 
Specification MIL-N-25027C. 
Phase  I s tudy i s  noted in Table 3.  
The l i s t  of test nuts  employed in the 
Test F a s t e n e r s  
Alloy Stee l  Tension Bolts. T h e  p r i m e  tension test bolt w a s  
the  M S  21250 s e r i e s  12-point external  Wrenching head bolt conforming 
to Mil i tary Specification MIL-E+883l(ASG). All test bolts were  identi- 
f ied as being fabricated f r o m  AISI 8740 al loy s t e e l  and furnished with 
a cadmium plate finish p e r  Spec .  QQ-P-416, Type 11, C l a s s  3. Threads  
conformed to C l a s s  UNJF-3A p e r  Spec .  MIL-S-8879. 
designed to develop a minimum ul t imate  tensi le  s t rength  of 1241 . lMN/m 
( 1  80 K S I ) .  
the bolt w e r e  intended to develop high fatigue s t rength  in s t ruc tu ra l  
applications.  Representat ive h4S21250 s e r i e s  test bolts are i l lustrated 
in F igu res  1 ,  2 ,  ancj 3.  
2 
The bolts w e r e  
The configuration and manufacturing method specified for 
A second series of alloy s t e e l  tension bolts incorporating the Allen 
sp l ine  d r ive  head w a s  included in the Cl .350  m m  (1/4") and 12.700 mm 
(1/2") d i ame te r s .  The bolts,  identified as the AS180 s e r i e s ,  w e r e  
s imi l a r ly  fabr icated f r o m  AISI 8740 s t e e l  and furnished with a cadmium 
plate finish p e r  QQ-P-416, Type 11, C l a s s  3. 
a l ly  and functionally s i m i l a r  to the M S  21250 s e r i e s ,  with the exception 
The bolts w e r e  dimension- 
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LIST OF MATING SELF-LOCKING NUTS USED IN PHASE I TORQUE-TENSION TEST PROGRAM 
Self-Locking Nut 
Part Number 
Thread Size Type Nut Nut 
Materlal 





Finish 1, - 
Dry F i lm Lube 
Cadmium Plate 
Dry  Fi lm Lube 
Cadmium Plate 
Dry F i lm Lube 
Cadmium Plate 













































Dry  F i lm Lube 
Bare 
Cadmium Plate 
Dry  F i lm Lube 
Dry F i lm Lube 
Silver Plate 
Dry F i lm Lube 
Cadmium Plate 







J L1  OS820B 
12-Point 














12-Point Dry F i lm Lube 























Dry F i lm Lube 
Dry F i lm Lube 
Dry Fi lm Lube 
Dry F i lm Lube 
Dry F i lm Lube 
Hex, Lightwt 
Hex, Low Ht 
Hex, Lightwt 























Dry  F i lm Lube 
Silver Plate 
Dry F i lm Lube 
Silver Plate 
Dry F i lm Lube 
Dry F i lm Lube 
Hex, Low Ht 
Hex, Lightwt 
Hex, Low Ht 
6-Point, Low 
Height 
Hex, Low Ht VAS 679A8 
NOTES: 
1/ For nuts supplied with dry f i lm lubricant, the lubricant was identified as being applied over 
p r io r  cadmium plate finish. With exception of P/N JLlOS820B nuts, a l l  cadmium plated nuts 
were in  accordance with Spec. QQ-P-416, Type 11, Class 3 .  The P/N JLlOS820B nuts were 
furnished with cadmium plate per Spec. QQ-P-416, Type I ,  Class 3 .  Silver plate finish was 
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of the spec ia l  spl ine wrenching design of the bolt head. Representat ive 
test bolts, showing the design configuration, are il lustrated in Figure 2. 
Titanium Alloy Tension Bolts. Tension bolts w e r e  of the 12- 
point external  wrenching head configuration and designed f o r  fatigue 
rated applications.  All test bolts w e r e  identified as being fabricated 
f r o m  6A1-41/ titanium alloy, and were  intended to develop a minimum 
ul t imate  s t a t i c  tensi le  s t rength  of 1103.2 MN/m 
f i c  f a s t ene r  s e r i e s  were included in this group. 
to Eoeing Standard BAC B30MR were  furnished with a cadmium plate 
fintsh p e r  Spec .  QQ-P-416, Type 11, Class 3, and w e r e  designed to 
m e e t  the performance requi rements  of Boeing Part Specification BPS- 
F-69. 
with S p e c .  MIL-S-8879. The second bolt series \n th i s  group conformed 
to the NAS1271 thru 1280 Standard ,  as covered by Specification NAS621. 
The  bolts w e r e  &rnished without any plating or supplemental  lubricant 
coating. 
with Spec .  MIL-S-7742. Representat ive t i tanium alloy ex terna l  wrench- 
ing head bolts are i l lust rated in F-igure 4. 
2 (160 K S I ) .  T-wo speci-  
Spec imens  conforming 
The bolts incorporated a Class  UNJF-3A thread in accordance 
Bolt t h reads  w e r e  specified as Class UNF-3A in accordance 
# 
/ 
Alloy S tee l  S h e a r  Bolts. 
group w e r e  s h o r t  thread,  c lose  tolerance,  hexagon head bolts conform- 
ing to the NAS1103 thru 1120 Standard .  
p r imar i ly  fo r  u s e  in s h e a r  type applications,  as reflected by the s h o r t  
thread design. All bolts w e r e  identifidd as being fabricated f r o m  AIS1 
8740 alloy s t e e l  and furnished with a cadmium plate finish p e r  Spec.  
QQ-P-416. Both Type I and Type I1 cadmium plate f inishes  are per- 
mitted under  the Standard,  and w e r e  included in the select ion of test 
bolts identified in Table 11. Bolt th reads  w e r e  specified as Clas s  UNF-3A 
conforming to Spec.  MIL-S-7742 ,, Tensi le  s t rength  requi rements  for 
these  bolts w e r e  referenced on the N A S  Standard drawing while s h e a r  
s t r eng th  proper t ies  w e r e  reflected in Specification NAS498. I t  should 
be noted that  nominal heat  t r ea tmen t  was  in the 1 103.2 MN/m 
range,  in o r d e r  to develop p r i m a r y  s h e a r  proper t ies  of 655,o MN/m2 
(95 K S I )  specified f o r  th i s  c l a s s  bolt, 
The test bolts employed for th is  
The f a s t ene r s  w e r e  intended 
2 (1 60 KSI) 
. Titanium Alloy Shear Bolts.  Titanium al loy s h e a r  bolts w e r e  
of the short thread,  c lose  tolerance,  hexagon head design conforming 
to Standard NAS653 thru  658. All test f a s t ene r s  w e r e  identified as 
being fabricated f r o m  6A1-4V titanium alloy, and w e r e  furnished with 
a b a r e  finish.  
As wtth the alloy s t e e l  s h e a r  bolts,  the f a s t ene r s  w e r e  nominally heat  
t rea ted  in the 1103,2 MN/m2 (95 KSI) s h e a r  s t rength  proper t ies .  
applicable procurement  specif icat ion was  noted as NAS62 1 . 
tat ive bolts are i l lustrated in F igure  3. 




FIGURE 3 .  NAS 654 TITANIUM, NAS 1108 STEEL, AND MS 21250 
STEEL SERIES BOLTS 
FIGURE 4. NAS 1104 SERIES HEX HEAD STEEL, AND BAC B30MR AND 
NAS 1275 EXTERNAL WRENCHING HEAD TITANIUM BOLTS 
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Mating T e s t  Nuts. In o r d e r  to p e r m i t  some comparison of the 
per formance  cha rac t e r i s t i c s  of the four  p r ime  bolt spec imen groups,  
test nuts  w e r e  selected which would normally be compatible f o r  u se  with 
each  specif ic  bolt group,  Consideration was  given to nut mater ia l ,  nut 
height, nut finish, and nut s t rength  requi rement  to a s s u r e  abil i ty to 
develop the full ra ted s t rength  of the mating bolt. Emphasis  was  d i rec ted  
towards the nut finish requi rements ,  with var ious  su r face  f inishes  selec-  
ted representa t ive  of c u r r e n t  s t anda rds  in the ae rospace  industry. All  
test nuts  w e r e  of the self-locking design. The locking fea ture  of the nuts 




Tension Type Nuts. The H20 and H23 s e r i e s  12-point external  
wrenching nuts w e r e  used as the basic  nut with the MS21250 s e r i e s  bolt, 
Spec imen Group "S". The n u t s  w e r e  identified as bein fabricated f r o m  
AMs6304 alloy s t e e l ,  and heat  t reated to  1516.8 MN/m (220 KSI) mini- 
mum tens i le  s t rength.  Nut t h reads  conformed to  C las s  U N J F - 3 A  per 
Spec. MIL-S-8879, Nuts in each  of the four  sizes ( i .  e. 1/4-28, 3/8-24, 
1/2-20, and 3/4-16) w e r e  furnished with a d r y  fi lm lubricant coating 
applied a f t e r  cadmium plating of the basic  nut, 
( I ,  e. 1/4-28 and 1/2-20) w e r e  furnished only with a cadmium plate fin- 
i sh  in accordance with Spec .  QQ-P-416, Type 11, Class  3. Typical test 
nuts  are il lustrated in Figure 1 .  
E! 
In addition, two s i z e s  
Special  mating test nuts w e r e  aesignated f o r  the AS180 
s e r i e s  Allen Spl ine D r i v e  bolts. 
s a r i e s  a l s o  incorporated the Allen Spl ine Drive wrenching fea ture .  
nuts  w e r e  fabricated f r o m  s t ee l  and w e r e  submitted in both 1/4-28 and 
1/2-20 thread s i z e s .  
any  plating). Af te r  rece ip t ,  a quantity approximating 1/3 of the nuts 
was  degreased  and set as ide .  Through the cooperation of Kaynar Manu- 
facturing Company Inc. ,  one group of the remaining nuts w e r e  cadmium 
plated p e r  S p e c .  QQ-P-416, Type 11, C l a s s  3. 
in each  s i z e  w e r e  then cadmium plated and finished with a d r y  f i lm lubr- 
icant. Typical Allen Spl ine D r i v e  Tes t  Nut3 are il lustrated in F igure  2. 
The nuts  identified as the "Aeronut" 
0 
The 
411 test nuts were  furnished b a r e  ( i o  e. without 
The final group of nuts 
The H20 and H 2 3  series self-locking nuts w e r e  s imi l a r ly  
Three  additional nuts  w e r e  included f o r  s tudy of 
The SL7004C428 (1/4-28 thread s i z e )  was  a 12- 
employed f o r  the test evaluation of titanium alloy tension bolt  s e r i e s ,  
Spec imen Group "T" . 
the BAC B30MR s e r i e s  bolts to investigate effect of nu t  ma te r i a l ,  nut 
design, and nut f inish.  
point, reduced wrench configuration nut fabricated f rom A286 C R E S  
The nut was  furnished with a s i l v e r  plate p e r  AMs241 1 
nut falling under  Spec .  MIL-N-25027C. 
cadmium plate finish p e r  Spec .  QQ-P-416, Type 11, Class  3 ,  Although 
the nut was  rated at 861.8 MN/m2 (125 K S I )  minimum tensi le  s t rength ,  
The MS21044N8 
(3/8-24 thread s ize)  was  a hexagon, nylon inser t ,  s t ee l  self-locking 




it was included in this investigation phase for  comparative purposes 
The JL10S820B (1/2-20 thread size) was identified as hexagon engine 
nut fabricated from AMs6322 (8740) alloy steel. The nuts were fur- 
nished with a cadmium plate finish to AMS2400. The manufacturer 
noted that the nuts were heat treated in the RC26-32 hardness range. 
For  information, the SL7004C428 and MS21044N6 nuts are illustrated 
in Figure 4. 
Shear Type Nuts. The Specimen Group "R" and "U" belts were 
shear type bolts. As such, they were distinguished by inclusion of a 
short thread, with reduced tensile strength properties. 
nuts were of the reduced height design, compatible with the bolt thread 
length. 
weight nuts fabricated f rom heat treated steel, 
with both a cadmium plate finish per Spec. QQ-P-416, Type 11, Class 3 
and dry f i lm lubrication over p r io r  cadmium plate finish. 
were indicated as Class UNF-36 per Spec. MIL-S-7742. 
series nuts were low hetght, hexagonal, self-locking , with threads con- 
forming to Class UNJF-3B per Spec. MIL-S-8879. 
from steel were furnished with a dry f i lm lubricant applied over a 
cadmium plate finish per Spec. QQ-P-416, Type 11, Class  3 .  
NAS679 corrosion resistant steel nuts were identified as being fabri- 
cated from A286 CRES, and furnished with a s i lver plate f in ish  per 
AMS2410, The H14-8 nuts (1/2-20 thread size) were reduced height, 
s ix point nuts, identified as being fabricated from alloy steel. 
were furnished with a dry  film lubri\;ant over cadmium plate finish. 
Representative shear type test nuts are illustrated in F igures 3 and 4. 
The mating 
The LH3324 series nuts were reduced hexagon, thin, light: 






Static Strenath Test Proaram 
Inspection. On receipt a l l  test fasteners were subjected to 
visu 1 inspection for  evidence of specified plating finish. Easic dimen- 
sions of a l l  fasteners were checked fo r  conformance to requirements of 
the appl tcable standard. Eolt threads were inspected for conformance 
to class thread fit by means of Pratt and dhitney F uncttonal Tri-Roll 
thread gages, as illustrated in Figure 5. 
Bolt Tensile Strength. Each bolt part number included in the 
Phase I investigation was subjected to static ultimate tensile strength 
test. The tests were conducted in a 533760 Newton (1 20,000 lb  
city) Baldwin B-T-E Universal tensile test machine, as illustrated in 
Figure 6. 
tics, bolts were tested using both threaded adapters, and the mating 
capa- 
In order to evaluate the static tensile strength characteris- 
17 
18 
test nuts identified in Table 111. N h e r e  duplicate s e r i e s  of tests w e r e  
pe r fo rmed ,  five s a m p l e s  of each  bolt-nut combination w e r e  evaluated . 
All tests w e r e  c a r r i e d  to destruct ion to develop the full ra ted tens i le  
s t r eng th  of the fa s t ene r  combination. Bolts w e r e  uniformly loaded in 
accordance  with requi rements  of the applicable product specification 
I 
Bolt h'ield S t rength .  A s  p a r t  of the evaluation f o r  bolt tensi le  
s t r eng th  load-deflection c u r v e s  were generated at the  same t ime f o r  e a c h  
bolt tensi le  spec imen f o r  subsequent  ans lys i s  to es tab l i sh  bolt yield 
s t rength .  In the absence  of s tandard  or  uniform definition fo r  bolt yield 
s t r eng th ,  the load-deflection cu rve  developed f r o m  the t e s t  was  used to 
es tab l i sh  yield load by means  of the Johnson 's  2/3 Approximate Method. 
The  bolt used f o r  the tensi le  s t r eng th  evaluation w a s  m o u n k d  in the 
tens i le  test f ixtures ,  with a Baldwin Model TS-MB bolt ex tensometer  
pdsttioned over the e n t i r e  bolt length as i l lustrated in F igure  7. The 
load-deflection cu rve  w a s  generated under  the t ens i le  loading condition. 
From the resu l tan t  cu rve ,  the point of tmgency  to the c u r v e  was  taken 
at a s lope  line at 2/3 of the  p r i m a r y  modulus f o r  the bolt under  test. 
Eol t  Double S h e a r  S t rength .  The  same bol ts  employed for 
the  s t a t i c  tensi le  s t r eng th  evaluation w e r e  uti1 k e d  f o r  determinat ion 
of double s h e a r  s t r eng th  proper t ies .  Five bolts of e a c h  s i z e  included 
in the s tudy  w e r e  used f o r  this  test. All double s h e a r  s t rength  tests 
w e r e  conducted in the Baldwin E.-T-E Clniversal Tens i le  Test Machine, 
using a compress ion  type double s h e a r  test f ixture  as i l lustrated in 
F igu re  8. 
s h e a r  f ixture  w e r e  in accordance  with existing s tandards .  
the c e n t e r  blade of the s h e a r  f ixture  was  equal to the d i ame te r  of the  
bolt under  test. The thickness  of each  of the two s i d e  suppor t  blades 
w a s  equzl to one-half of the  bolt d i a m e t e r  under  evaluation. As with 
the tensi le  phase of the p rogram,  cill tests w e r e  c a r r i e d  to fa i lure  to 
develop the full ra ted s h e a r  s t rength  of the  test bolts.  
I t  should be noted tha t  the c r i t i ca l  dimensions of the double 
In a l l  cases, 
Bolt Reduced Gage Sect ion P rope r t i e s .  As a corre la t ion  of 
the  mechanical p rope r t i e s  of the t e s t  bolts, representa t ive  bol ts  w e r e  
se lec ted  f o r  s tudy of the mechanical p rope r t i e s  of the base  alloy. Re- 
duced gage sec t ions  w e r e  machined in the shank areas of the bolts,  and 
subjected to s t a t i c  tens i le  s t rength  evaluation F'roperties of p r i m e  
concern  included yield s t r eng th ,  ul t imate  tensi le  s t rength ,  p e r  cent  
elongation, and p e r  cen t  reduction of area. 
In a n  effor t  to maintain a degree  of uniformity,  fou r  s tandard  
reduced gage configurations w e r e  se lec ted ,  as outlined in ASTM A 370. 
Typical p re fe r r ed  reduced gage sect ion bolt spec imen dimensions are 
summar ized  in F igure  9. The  evaluation of the reduced gage sect ion 
bolt spec imens  was  l imited to f a s t ene r s  which w e r e  long enough to 
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FIGURE 7. CLOSE-UP O F  INSTALLATION O F  BALDWIN MODEL TS-MB 
BOLT EXTENSOMETER DURING T E N S I L E  STRENGTH T E S T  
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FIGURE 8, A L M A Y  COMPRESSION T Y P E  DOUBLE SHEAR TEST J IG 
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FIGURE 11. BALDWIN MODEL T-1M EXTENSOMETER MOUNTED ON 
REDUCED GAGE SECTION B O L T  SPECIMEN 
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p r m i t  machk ing  of the appropr ia te  reduced sect ion and s t i l l  pmvide 
adequate c l ea rance  f o r  mounting of the ex tensometer  on the section.! 
Representat ive bolts machined to incorporate  the reduced gage sect icrn 
are i l lustrated in F igures  4 and 10. 
All reduced gage sect ion bolt spec imens  w e r e  tes ted in the Baldwin 
B-T-E Universal  t ens i le  test machine. The  specimen was  mounted In 
s tandard  bolt f ixtures ,  using threaded adaptors  to engage the mating 
bolt th reads .  Ealdwin Microformer  type ex tensometers  w e r e  mounted 
across the reduced gage sect ion to genera te  load-stratn c u r v e s  for sub- 
sequent  determination of yield s t rength  proper t ies .  A typical installa- 
tion of a Baldwin Model T-1M extensometer  with a 2-inch gage length 
as i l lust rated in Figure 11 .  The genera l  select ion of ex tensometers  was 
predicated on ex tensometer  gage length equal to four  t i m e s  the d i ame te r  
of the reduced gage sect ion of the test bolt spec imen.  However, for 
s e v e r a l  of the short length bolts,  i t  was  found that  t he re  was  inadequate 
c l ea rance  to pe rmi t  a t tachment  of a n  ex tensometer  d i rec t ly  to the reduced 
gage sect ion.  For these  tests, c u r v e s  w e r e  developed by means  of a 
mtc ro fo rmer  type def lectometer .  Gn completion of the s t a t i c  s t r eng th  
test, yield s t rength  w a s  determined f r o m  the load-strain c u r v e  at 0.2 
percent  offset. Per cent elongation was  measured  over a 4D (where D 
equal  d iameter )  gage length. Reduction of area was  based on the minimum 
d iame te r  of the reduced gage sect ion after test, as compared  wtth the 
or iginal  d i ame te r  of the sect ion.  
Torque-Tension Test P r o g r a m  
Scope. The torque-tension investigation w a s  separa ted  into 
two dist inct  phases .  The f i r s t  phase included torquing of the bolt-nut 
combination to fai lure  to es tab l i sh  the ul t imate  torque s t rength  capaci ty  
of the fa s t ene r  combtnatton. The ul t imate  induced tensi le  load as a 
function of the applied torque was  de te rmined ,  At  this point, ana lys i s  
of both the ul t imate  torque-tension test data ,  and the s t a t i c  s t rength  
test da ta  was  made ,  Eased on the NASA objective of developing an  
induced tensi le  load in the bolt equal to 90% of the yield s t rength ,  instal- 
lation torque values  w e r e  se lec ted  for repet i t ive application to s imula t e  
anticipated s e r v i c e  conditions. Observing the installation torques,  the 
resu l tan t  induced tensi le  loads w e r e  monitored during the repeti t ive 
cycling. The test objective during this  phase was  a maximum of 15 in- 
s ta l la t ion and removal  cyc les  
Torque A easur ing  Equipment. Torque measuring equipment was  
The manual wrenches  l imited to indicating type manual torque wrenches.  







measur ing  or applying to1 que .  The wrenches  employed w e r e  of the 
S tur tevant  and Snap-On designs,  with seven  different  wrenches  used 
to cover the anticipated torque requi rement  range  f o r  the test f a s t e n e r s  
under  evaluation. As a spec ia l  f ea tu re  of the investigation, s t r a i n  gages  
w e r e  mounted on the torque wrenches  by Almay Resea rch  & Test ing 
Corporation f o r  subsequent  independent recording and monitoring of 
observed torque readings.  Typical t e s t  wrenches ,  showing application 
of s t r a i n  gages , are i l lustrated in F igure  12. All wrenches  w e r e  per- 
iodically cal ibrated during the c o u r s e  of the project ,  with cal ibrat ion 
traceable to the National Bureau of S tandards .  The following s e r i e s  
of torque wrenches  w e r e  employed: 
Manufacturer  Model No. Capacity 
S tur tevant  F- 1 00- 1 11.3 Nm (100 lbf-inch) 
S tur tevan  t F-300- 1 33,9 Nm (300 lbf-inch) 
Stu r tevan t M- 1 00 135.6 Nm (100 lbf-foot) 
S tu  r tevant  S-600 81  3 . 5  N m  (600 lbf-foot) 
Snap-On TEP-50-FU 67,8 Nm (600 lbf-inch) 
Snap-On TQ-250 339,O Nm (250 lbf-foot) 
, Stu r tevant  F- 1200- 1 135,6 Nm (1200 lbf-inch) 
Load Measuring Equipment. Test equipment used to m e a s u r e  
induced c l amp  load included a Sk idmore -a i lhe lm Torque- Tension 
test machine,  and s e v e r a l  des igns  of strain-gaged load ce l l s .  The  
torque-tension tester w a s  identified as a "Model J" machine manu- 
factured by the Skidmore- Nilhelm Manufacturing Company, Cleveland, 
Ohio. The device i s  hydraulically actuated,  reg is te r ing  c l a m p  load 
in pounds due to compress ive  action of the f ront  and rear holding p la tes  
as the test f a s t ene r  i s  torqued in the machine.  
s i z e  and test load range,  read-ar t  of the c l a m p  load can  be se lec ted  on 
one of two hydraulic indicating gages. 
Depending on the f a s t e n e r  
T h e  a r r m g e m e n t  of the test machine i s  shown in F igu re  13. 
The 
S tanda rd  f ix tures  normal ly  fkrnished with the test machine included 
s lot ted f ix tures  to accommodate  hexagon head bolts and nuts.  
load measur ing  capaci ty  of the test unit was  133 440 Newtons(30,OOO 
pounds). Calibration of the Skidmore- Nilhelm Torque-Tension test 
machine w a s  routinely performed in the Ealdwin Tensi le  test machine.  
Compress ion  load was  applied to the test unit  as shown in F igure  14  
and the hydraulic gages w e r e  checked and ca l ibra ted  against  the in- 
dicated load noted on the Baldwin Tensile Tester. 
T h r e e  different  types of strain-gage load cells w e r e  used during 
In prac t ice ,  the bolt i s  inser ted through the the investigation testing. 
load ce l l  and tightened with a mating nut,  The compress ion  of the load 
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FIGURE 13. VIEW OF SKIDMORE-WILHELM TORQUE-TENSION MACHINE 
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FIGURE 14. CALIBRATION TEST SET-UP FOR SKIDMORE-WILHELM 
TORQUE-TENSION MACHINE IN BALDWIN TENSILE TESTER 
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IGURE 15. ILLUSTRATION OF VARIOUS DESIGNS O F  STRAIN GAGE LOAD CELLS 6 
FIGURE 16. T O P  VIEW OF TRANSDUCER CONTROLS LOAD CELL SHOWING S P E C I A L  
INSERT BUSHING FOR CONTROLLING FASTENER HOLE S I Z E  
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ce l l  due to the fastener tightening action c o m p r e s s e s  the ce l l  and a l t e r s  
the e lec t r ica l  output of the s t r a i n  gage. 
t r i ca l  res i s tance  i s  converted to mechanical c l amp  load by means  of 
supporting read-out equipment. 
The measured  change in elec- 
Load ce l l s  included LEC Force Washe r s  manufactured by Houston 
Scientific Industries,  Inc., Houston, Texas, a Model YCL-28L-CS-20K 
load ce l l  manufactured by Transducers ,  Inc. , San ta  Fe Spr ings ,  California,  
and spec ia l  load ce l l s  manufactured to Almay objective requi rements  by 
Transduce r  Controls  Corporation, Covina, California. 
tion of the var ious  load c e l l s  are il lustrated in F igure  15. 
f ea tu re s  of the load ce l l s  are identified as follows: 
Design configura- 
The sa l i en t  
M f r .  Nominal Size Th i c kne s s Rated Capacity 
Houston 6.35 mm (1/4 i n . )  5 .1  m (0.29 i n . )  24 460N (5,SOc) l b f )  
Sc ien t i f i c  1 2 . 7  mm (1 /2 i n . )  7.6 mm (9.39 in . )  106 750N (24,000 lb f )  
Industr ies  
-
Transducers, 1 2 . 7  nun (1/2 in . )  5'3.8 mm (2 i n , )  
Inc . 88 969N (29,000 lb f )  
Trans d uc e 
Controls 
Corp .  
r 6.35 mm ( 1 / 4  i n . )  14.9 mm (0.55 in . )  44 480N (10,000 l b f )  
1 2 . 7  mm ( 1 / 2  i n . )  38.1 mm (1 1 / 2  in . )  1 7 7  929N (49,000 1 b f )  
25.4 mm ( 1 in . )  46.0 mm (1 13/16 in.)  667 290N (150,000 I b f )  
In o r d e r  to pe rmi t  control  of hole s i z e s  for fasteners, c lose  tolerance,  
thin-wall bushings w e r e  employed. 
to final t e s t  hole s i ze .  A 6.35 rnrn (0.250") bushing installed in the 1/4" 
Transducer  Controls  Corporation load ce l l  i s  i l lustrated in Figure 16. 
Test bushings w e r e  careful ly  r eamed  
Read-out of the s t r a i n  gage load c e l l s  was  accomplished by m e a n s  
of a Res is tance  e r i d g e  Indicator (REI) manufactured by Automation Indus- 
t r i e s ,  and a Model 3s Autograf X-Y  Recorde r  manufactured by the 1 
F. L. Mosely Company, Div. of Hewlett-Packard Corp .  The load c e l l s  
connected t o  the Resis tance Bridge Indicator permit ted d i r e c t  reading of 
s t r a i n .  The load c e l l s  wired to the Mosely X-Y r e c o r d e r  permit ted the 
development of a load cu rve  f r o m  the output signal of the load cel l .  
to each  ma jo r  s e r i e s  of tests, the applicable test s y s t e m  consisting of 
the load ce l l  and read-out device w e r e  cal ibrated.  
mounted in the Baldwtn 5-T-E Universal tensi le  test machine and sub- 
jected to uniform increments  of applied load. 
on the read-out instrument  w e r e  noted and a calibration c u r v e  was  plotted 
for the specif ic  s y s t e m .  By means  of the cal ibrat ion curve ,  the readings 
obtained during the torque-tension testing w e r e  converted back to load. 
The cal ibrat ion test set-up for the Resis tance Pr idge  Indicator i s  shown 
in Figure 17, while the cal ibrat ion t e s t  set-up f o r  the Autograf X-Y 
r e c o r d e r  i s  i l lustrated in Figure 18. 
P r i o r  
The load ce l l  w a s  





FIGURE 18. CALIBRATION TEST SET-UP FOR LOAD CELL AND MOSELEY 










a r e n c h i n g  Sockets .  JVrenching Sockets ,  mating with the applicable 
test bolt or nut, w e r e  used f o r  the application of torque to the test fastener. 
Var ious  s t y l e s  of socke t s  were se lec ted  f o r  s tudy to evaluate the influence 
of the d r i v e r  on the torque proper t ies  of the f a s t ene r  assembly .  For hexa- 
gon configuration bolts and nuts,  both hexagon and 12-point socke t s  conform- 
ing to Specification GGG-vV-641 w e r e  employed. 
external wrenching bolts and nuts,  12-point socke t s  conforming to SAE 
Standard  AS954 w e r e  se lec ted .  Also,  as noted in Table 2, the Phase I 
Investigation included Group "S" spec ia l  Allen Spline Drive bolts and 
nuts.  
d i m t l y  by the Allen Manufacturing Company. Representat ive wrenching 
sockets are i l lustrated in F igure  19. 
For s tandard  12-point 
For these f a s t ene r s ,  mating Allen Spline Sockets  w e r e  furnished 
In addition, special test f a s t ene r s  projected f o r  the Phase  I1 evalu- 
ation p rogram included f a s t ene r s  incorporating the new 12-Spline system 
as defined by Mil i tary Standard MS33787. The 12-Spline sockets ,  man- 
ufactured by the Snap-On-Tools Corporation are shown in Figure 19. 
Spec ia l  9-Spline socke t s  w e r e  furnished by the S tandard  P r e s s e d  Steel 
Company to ma te  with high s t r eng th  9-Spline bolts and nuts,  and are 
s i m i l a r l y  i l lustrated in Figure 19.  
Ultimate Torque-Tension Test Procedure .  The objective of 
this phase was the determinat ion of maximum induced load as a re su l t  
of the torquing of the f a s t ene r  s y s t e m .  Comparison of performance 
was  made through duplicate s e r i e s  of t e s t s  utilizing the s a m e  torque 
wrenches  throughout the p rogram,  but varying the induced load measur- 
ing t e s t  s y s t e m s .  In addition, specif ic  var iab les  w e r e  studied, including 
effect of hole s i z e s ,  effect  of bending, effect  of nut lubrication and design, 
effect of wrenching sockets ,  and effect  of wrenching position ( i o  e.  f r o m  
nu; o r  bolt head end). 
Hole S izes .  For the bolts included in the Phase  I investiga- 
tion, torque tests w e r e  conducted using th rce  hole s i z e s  f o r  each  dia- 
m e t e r  bolt. 
be bas ic  (e.g. ,  6.350 m m  (0.250 in.) d i smeter ) .  
for the study included bas ic  d i ame te r  to sirnulate a precis ion fi t ,  approxi- 
mately 0.127 m m  (0.005 in.] over bas ic  to s imula te  normal  f a s t ene r  
c l ea rances ,  and approximately 0.381 m m  (0.015 in.) ove r  basic  to simu- 
la te  a n  overs ize  hole condition. 
The nominal d i ame te r  of the f a s t ene r  was  considered to 
The hole s i z e s  selected 
Bending. For the s tandard  bolt-nut combination torque-tension 
tests, care was  taken to a s s u r e  that  a l l  f a s t ene r s  w e r e  perpendicular and 
aligned in the test f ixtures .  Where  tests w e r e  performed to evaluate in- 
f luence of bending, spec ia l  3" washe r s  were  employed under  the nut or 
bolt head, as applicable. The spec ia l  3' w a s h e r s  w e r e  fabricated f r o m  
alloy s t ee l  and heat  t rea ted .  Hole s i z e  incorporated in the w a s h e r s  was  
held at approximately 0.127 m m  (0.005 in.) over the basic  f a s t ene r  dia- 
m e t e r .  
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FIGURE 20. TORQUE-TENSION TEST SET-UP SHOWING TRANSDUCER CONTROLS 
LOAD CELL AND X-Y RECORDER 
FIGURE 21. TORQUE-TENSION TEST SET-UP SHOWING TRANSDUCERS INC, 





Torque-Tension Testing. Torque-tension testing in the 
Skldmore-Wilhelm torque tension test machine w e r e  limited to Specimen 
Groups "R" and "U". The design of th i s  machine provides f o r  a rear 
holdlng plate which incorporates  a r eces sed  s lo t .  The s l o t  width is 
designed to accomodate the  across flats dimension of s tandard  hexagon 
configuration bolts and nuts. The NAS1104 al loy steel and NAS654 
s e r i e s  titanium alloy hexagon head bolts fe l l  within the dimensions of 
the slot width for each  of the t h r e e  bas ic  s i z e s  included in the study. 
The bolt  under  test w a s  inser ted  through the rear plate and extended 
through the front,  or face  plate. With the bolt hexagon head positioned 
in the mating s lo t ,  the bolt could not be turned permitt ing torquing of 
the nut without further r e s t r a i n t  on the bolt. To compensate  f o r  the 
var ious  g r i p  length condition of the test bolts,  spec ia l  bushings w e r e  
fabricated f r o m  heat t rea ted  alloy s t ee l  and slipped over the shank of 
the bolt. 
s e r i e s  w e r e  posittoned under  the test nut p r i o r  to evaluation. The bolt- 
nut combinations w e r e  torqued to fa i lure ,  with the ul t imate  induced load 
noted and recorded.  S ince  the mating specified nuts  w e r e  of the hexagon 
design, the tests were? performed with both mating hexagon and 12-point 
wrenching sockets .  
S tee l ,  cadmium plated washe r s  conforming to the AN960 
Torque tests of the 6.350 m m  (0.250 in.), 9.225 m m  (0.375 in.), 
and 12.700 m m  (0.500 in.) n -mtna l  d i ame te r  bolts in the s t r a i n  gage 
load c e l l s  w e r e  conducted in a Stur tevant  Torque Test fixture.  A wrench- 
ing socke t  was  mounted on the bottom of the  f ixture  t9 prevent  rotation 
o r  movelment of t k  e lement  to be res t ra ined ,  ( i .  e.,  bolt head or  nut). 
The bolt  under  test was  installed through the load ce l l  and mated with the 
nut. In a l l  cases, w a s h e r s  specified f o r  the bolt s e r i e s  were  used under  
the bolt head and under  the nut. A second driving socket  w a s  positioned 
on the  wrenching e lement  ard was  used fo r  the application of torque to the 
fastener assembly .  The torque wrench was inser ted in a rotation spindle  
and adap te r  at the top of the f ix tum in-line with the driving socket .  The 
rotating spindle permit ted full 360' rotation of the torque wrench. In per- 
forming the ul t imate  torque-tension test, the height of the spindle assembly 
was adjusted to a s s u r e  full positive engagement of the driving socket  on 
the wrenching e lement  of the test fas tener .  
Torque v e r s u s  induced load c u r v e s  f o r  test f a s t ene r  cornbinations 
were developed on the Mosely Autograf X-Y r eco rde r .  The signal  f r o m  
the s t r a i n  gaged load ce l l  w a s  establ ished as the output f o r  the Y-Axis. 
The output f r o m  the special ly  s t r a ined  gaged torque wrenches  was  used 
as the output f o r  the X-Axis .  A typical set-up employing a Transduce r s  
Cen t ra l s ,  Inc . , load ce l l  ts shown in F igure  20. To prevent  rotation or 
slipping of the load ce l l ,  special  res t ra ining blocks w e r e  sea ted  in the 
S tur tevant  Torque-Tension test f ixture ,  as c a n  be s e e n  in Figure 20. A 
s i m i l a r  test set-up f o r  the Transducers ,  Inc., 12.700 m m  (1/2 in.) s i z e  
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FIGURE 22. GENE?AL VIEW O F  TORQUE-TENSION TEST SET-UP FOR 
LARGER DIAMETER BOLTS 
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load ce l l  i s  i l lustrated in F igure  21. I t  sh0u.d be noted that p r i o r  to 
tests, cal ibrat ion of the recorder was  made for both load and torque. 
The tests w e r e  c a r r i e d  to fa i lure ,  with the location and na ture  of fa i lure  
recorded. The failing torque as observed on the torque wrench was  
compared  a l s o  with the failing torque observed on the reco rde r .  
A comparable  s e r i e s  of duplicate tests was performed , substituting 
the Resis tance Er idge  Indicator for the Moseley Autograf recorder. In 
th i s  case, no c u r v e s  were generated.  The output signal f r o m  the s t r a i n  
gage load ce l l  was  picked up d i rec t ly  by the s t r a i n  indicating unit. The 
test ult imate torque was  read  d i rec t ly  f r o m  the torque wrench. 
As indicated e a r l i e r ,  torque tests w e r e  conducted f i r s t  torquing 
the nut while holding the bolt head, and then torquing the bolt head while 
res t ra in ing  the mating nut. Nuts represent ing var ious  design configura- 
t ions and finish coatings,  as listed in Table 3, w e r e  evaluated on bolts 
of the s a m e  lot and p a r t  number.  In a l l  i n s t a n c e s ,  the test bolt was  held 
as the constant  in the project.  Mating w a s h e r s  (AN960 or MS20002 s e r i e s ,  
as applicable) w e r e  consistently used under  the bolt head and under  the 
test nut f o r  a l l  d i r e c t  torque testing. 
formed during the bending investigation ev aluation, 
the 3" hardened s t ee l  washe r  w a s  placed d i rec t ly  under  the e lement  
subjected to the torque application ( i o  e. nut or  bolt head). 
Duplicate s e r i e s  of tests w e r e  p e r  
For these tests, 
During the e a r l y  phase of the study, i t  was  determined that the 
S tur tevant  Torque Test f ixture  did not have adequate capaci ty  or clear- 
ance  to accomodate the 19.050 m m  (0.750 in.] d i ame te r  high s t rength  
bolts.  In o r d e r  to test the l a r g e r  size bolt-nut combinations,  a spec ia l  
high s t rength,  high capaci ty  torque f ixture  was  designed and built by Almay. 
The design was  s i m i l a r  to the Stur tevant  torque f ixture ,  incorporating a 
fixed adapter  at the bottom to prevent movement of the wrenching element ,  
and a 360" movable adapter  mounted through a ball bearing at the top of 
the f ixture .  The genera l  a r r angemen t  for the test set-up i s  shown in 
F igure  22, while a close up i l lustrating detai ls  of the device i s  shown 
in F igure  23, As with the s m a l l e r  bolt-nut s i z e s ,  the test bolt was  
installed through the s t r a i n  gage load ce l l  and the load monitored by 
m e a n s  of the Resis tance Bridge Indicator and the Mosely Autograf X-Y 
recorder , as applicable . 
Turn-of-the-Nut-Method. In conjunction of the ul t imate  torque- 
tension tests descr ibed above , investigation was  undertaken to correlate 
induced tensi le  load in the f a s t ene r  s y s t e m  by observation of the corres- 
ponding rotation (number of tu rns)  of the test nut. S ince  the nut was  
being engaged on the bolt by means  of the torque wrench,  particwlar note 
of the torque as a h n c t i o n  of t h e  n u m b e r  of t u r n s  was  m a  de.  The test 
cond ucte  d in th is m a n  n e r indica te  d that the r e su l t s  w e r e  erratic a n d  
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FIGURE 23. CLOSE-UP O F  SPECIAL HIGH TORQUE CAPACITY TEST 
MACHINE FOR LARGER DIAMETER BOLTS 
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not reliable. All of the test nuts en;ployed were of the self-locking 
de sign, and included an inherent prevailing torque feature. Eecause 
of the prevailing locking torque fsature, it was diff icult to consistently 
determine visually o r  by feel when the nut was seated, and when ad- 
ditional turning resulted in an induced load being developed in the test 
bolt. A t  the higher torque values, an increment of 15' produced widely 
varying increments of induced load, as noted on the strain indicator. 
This phenomenon was attributed partially to the inception of thread 
stripping, and partially to the design of the nut influencing ability to 
transmit the applied torque. It is  recognized that the turn-of-the-nut- 
method has been advanced as a tightening technique in the construction 
and related commercial sectors of industry [3] [7 ]  [8]. However, the 
prime consideration fo r  this technique has been accorded to non-self- 
locking nuts, and to nuts in the coarse thread series. In  particular, for 
any given fastener diameter, the fine thread system requires a greater 
number of turns to effect installation than the coarse thread system. 
The wide range of variables of aerospace self-locking nuts Including 
inherent prevailing torque, wrenching design (i. e. 12-point, hexagon, 
reduced hexagon, splined drive, etc .), joint material coupled with the 
general use of the fine thread system resulted in unexceptably wide 
variations of induced tensile load as a function of the turning of the nut. 
For this reason, consideration of the turn-of-the-nut method was dis- 
counted as an acceptable aerospace standard, and additional evaluation 
of this method was discontinued under this program. 
* 
Direct Tensile Clamp Load Measurement. As a means of 
direct measurement of tensile clamp load in the bolt-nu t system, special 
tests were undertaken in the Baldwin B-T-E Universal tensile test 
machine. The bolt-nut combination was installed in standard tensile 
test fixtures, with care taken to assure that there was no load on the 
fastener system. With the head of the bolt being held, a torque wrench 
was used to torque the mating nut. The continued application of torque 
introduced a preload in the bolt, as indicated on the load measuring 
dial of the tensile test machine. It was observed that the nature of the 
design of the standard tensile holding fixtures l imited the travel of the 
torque wrench. In the case of the E.350 mm (0.250 in.) diameter bolts, 
the torque wrench travel was approrimately 30' , Accurate determination 
of torque was both cumbersome and difficult, 
in the tensile test fixtures were fabricated from alloy steel. The resul- 
tant variations in indicated tensile pre-load suggested lack of consistency 
within the framework of the NASA objectives. Subsequent investigation 
of the 12,700 mm (0.500 in.) size bolt resulted in torque wrench travel 
of approximately 7' to loo.  The size of the 19.050 mm (0.750 in.) dia- 
meter bolt fixtures precluded entirely the installation of the mating torque 
wrench needed for the evaluation of this fastener size. 
The supporting adapters 
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The severe limitations of performing ul t imate  torque-tension tests 
in the tensi le  test machine using s tandard  tensi le  test f ix tures  resul ted 
in discontinuing fu r the r  effor ts  to study this  test technique. Although 
s o m e  indication of tensi le  pre-load w a s  obtained with the 6.350 m m  
(0,250 in .) d iame te r  bolts, i t  was  clear that  effective u s e  of th i s  tech- 
nique necessitated consideration f o r  spec ia l  c l ea rance  f ix tures  to pe rmi t  
installation of manual torque wrenches.  
versa t i l i ty  of this  test technique, a l te rna te  test methods providing the 
addittonal f ea tu re  of economy w e r e  p re fe r r ed  In deference  to the d i r e c t  
tensi le  pre-load determination method. 
Due to the l imitations of the 
Bolt Elongation Measurement .  Torquing of the bolt-nut 
f a s t ene r  a s sembly  produces a tensi le  pro-load in the bolt. This  s a m e  
action r e su l t s  in minute elongation of the bolt. As a n  indirect  method 
of measuring bolt t ens i le  pre-load, a spec ia l  sertes of tests w e r e  
performed by p rec i se  measu remen t  of bolt elongation under  controlled 
torque test conditions 
Tests w e r e  conducted on the E:. 350 m m  (0.250 inc . ) and 12.700 
m m  (0.500 in.) d i ame te r  12-point external  wrenching head AIS1 8740 
s t ee l  and EAl-4V ti tanium alloy bolts. 
e a c h  test bolt w e r e  c a r e f i l l y  ground to provide a squa re ,  flat s u r f a c e  
to faci l i ta te  elongation measu remen t ,  
a Transduce r  Controls load ce l l  maintaining nominal hole s i z e  as the 
s tandard  condition f o r  a l l  tests. 
bolt head and under  the nut. The test nut was  installed on the bolt 
t h reads  and the prevailing locking torque noted without load on the bolt. 
gdith the f a s t ene r  assembly  in the load ce l l ,  the initial bolt length was  
measured .  A special  test f ixture  was  specifically constructed f o r  this  
aspect of the investigation. 
bolted in a slotted f r a m e .  A second angle plate w a s  modified to accept  
a precis ion m i c r o m e t e r  d i r e c t  read-out to 0.0025 m m  (O.GOO1 in.). 
The bolt in the load ce l l  was seated between the two angle plates.  The 
squared  head of the test bolt was positioned flush aga ins t  the fixed 
angle plate. The  m i c r o m e t e r  was  adjusted against  the squared  end 
of the bolt. In a l l  cases, care was  taken to a s s u r e  that the test bolt 
w a s  f lu sh ,  without evidence of cocking o r  rocking. 
measu remen t  of the  bolt  without pre-load w a s  establizhed as the zero 
reading fo r  the test, 
The head and thread end of 
The test bolt was  installed in 
Mating w a s h e r s  w e r e  used under  the 
The f ixture  consisted of an angle plate 
The miv romete r  
The load ce l l  and fas tener  assembly  w e r e  removed f r o m  the measure-  
ment  f ixture  and mounted in the S tur tevant  Torque-Tension test fixture.  
With the bolt head res t ra ined ,  the nut was uniformly torqued to a pre- 
detern-ined value.  The  output of thc load ce l l  w a s  monitored through 
the Resis tance Bridge Indicator, A t  the specified torque, induced 
c l amp  load was  noted f r o m  the s t r a i n  indicator.  The load ce l l  w a s  
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removed from the torque-tension test f ixture  and remounted in the 
spec ia l  measurement  fixture.  
measu remen t  of bolt length with the increment  of length noted as elonga- 
tion. The test set-up f o r  th i s  a r r angemen t  i s  i l lustrated in F igure  24. 
The load ce l l  and f a s t ene r  a s sembly  w e r e  subjected to repeated cyc le s  
of application of incremental  torque followed by d i r ec t  measu remen t  of 
bolt elongation. The torque-pre-load elongation tests w e r e  c a r r i e d  to 
the approximate tors ional  yield s t rength  of the fas tener .  
The same procedure w a s  repeated for 
The above tests w e r e  duplicated torquing the f a s t ene r  f i r s t  f r o m  
the nut and then f rom the boltLhead. 
nuts with both d r y  f i lmlubricant ,  and cadmium plate finish p e r  Spec 
QQ-P-416, Type IT, C l a s s  3 w e r e  employed. 
For thz AIS1 8740 s t ee l  bolts,  
Supplemental  Lubricants.  The  select ion of plated f inishes  
for va r ious  c l a s s e s  of ae rospace  f a s t ene r s  i s  genera l ly  predicated on 
s e v e r a l  f ac to r s ,  including protection of the base  alloy, abil i ty to provide 
a uniform coating thickness ,  and lubrication quality (consistency of 
coefficient of friction). 
dry f i lm lubricant,  are permanently applied to the f a s t ene r  at the t ime  
of manufacture.  For the mos t  pa r t ,  such  lubricants  are affixed to the 
nut. However, spec ia l  supplemental  lubricants  are occasionally used 
on threaded f a s t ene r  4 
Some spec ia l  lubricants ,  such  as waxes and 
- Th read  compoun to S p e c  MIL-T-5544 was  selected 
for study as a supplemental  lubricant.  Tests w e r e  conducted on Speci- 
men Groups "S" and "R" bolts in 6.350 m m  (0.250 in.) and 12.700 mrn 
(0.500 in.) sizes. 
the thread compound to the bolt t h reads  and mating washe r ,  and to the 
bolt t h reads  and under  the bolt head along with the two mating w a s h e r s o  
Il lustration of test fasteners with thread compound i s  shown in F igure  25. 
Tests w e r e  conducted torquing f rom both the nut end and the bolt head. 
Ultimate torque-tension tests w e r e  conducted applying 
In addition, tests of the MS21250-04012 ex terna l  wrenching head 
bolts w e r e  conducted using mating nuts dipped in wet  zinc chromate  
p e r  Spec  MIL-P-8585. Test bolts and nuts were  f i r s t  wiped clean. 
The bolt w a s  inser ted in the load ce l l ,  and the nut dipped in the wet  
z inc chromate .  The  nut w a s  installed on the bolt, and the fastener 
a s sembly  torqued to fai lure .  
Installation Cycling Torque-Tension Procedure .  The  objective 
of th i s  phase of the investigation was  the definition of installation torque 
values  f o r  the var ious  f a s t ene r  combinations designed to develop a 
tensi le  c l amp  load equal to 90% of the bolt yield s t rength .  Analysis 
w a s  f i r s t  made of the s t a t i c  tensi le  s t rength  data f o r  the test bolts.  
Review of the data genera l ly  indicated that the bolts m e t  and/or exceeded 
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the minimum tensi le  s t rength  requi rements  as established in the applicable 
procurement  specifications.  To re f lec t  the possible condition wherein 
s tandard  bolts j u s t  conform to specified minimum s t rength  values ,  the 
design c l amp  load w a s  determined f r o m  the following formula:  
where  : 
DCL = Design Clamp Load 
BYS = Bolt Test Yield Strength 
B T S  = Bolt Test Ultimate S t rength  
M T L  = Minimum Specification Ultimate 
Tens i le  Load Requirement  
The choice of yield s t rength  was  based on the bolt  yield s t r eng th  
as deter.mined by the Johnson's 2/3 Approximate Method. In order 
to maintain uniformity f o r  a l l  bolt s i z e s  within a specif ic  spec imen 
group,  a typical yield strength-to-tensile s t rength  r a t io  w a s  selected 
f r o m  the test data. F r o m  the above formula ,  des i r ed  o r  objective 
ratios and des i r ed  c l amp  load values  are summar ized  in Table  4. 
c l a m p  load requi rements  w e r e  defined. The applicable yield to tens i le  
Review of the ul t imate  torque-tension test data w a s  then made. 
F r o m  the torque-tension c u r v e s  plotted on the X-Y recorder, individual 
torque values  corresponding to the des i r ed  c l amp  loads noted in Table 4 
w e r e  determined.  
values  was  undertaken, and a s ingle  representa t ive  torque value was 
selected f o r  each test bolt and condition. 
F u r t h e r  ana lys i s  of the range  of resu l tan t  torque 
The ul t imate  torque-tension tests conducted on the Skidmore- 
Wilhelm Torque-Tension tester, and with the load c e l l s  using the RBI 
s t r a i n  indicator did not pe rmi t  p r i o r  confirmation of torque to develop 
the design c l amp  load requirements .  Spo t  check  tests w e r e  performed 
with var ious  f a s t ene r  combinations torquing the nut-bolt a s sembly  until 
the  design c l amp  load was  achieved. The indicated torque to develop th i s  
c l amp  load was  compared  with the pre l iminary  torque values  obtained 
f r o m  the X-Y curves .  After  evaluating t h i s  data ,  final installation torque 
values  w e r e  proposed f o r  th i s  p a r t  of the program.  
F ive  nut and bolt a s sembl i e s  duplicating the fa s t ene r  combinations 









































































































































































































































































































































































































































































































































































































installation torque testing. In the case where the bolt head was  r e s t r a ined ,  
the nut was  torqued to the suggested installation torque value. The 
resu l tan t  c l a m p  load w a s  noted and recorded .  
completing one ins t a l l a t im  cycle .  The nut was  again torqued to the 
suggested installation torque value,  and the c lamp  load determined.  
U s i n g  the same nut and bolt, th i s  procedure  w a s  repeated for 15 instal- 
lation cycles. 
The nut was  removed, 
Tests w e r e  conducted observing th i s  technique in the Skidmore- 
Wilhelm Torque  Tension tester, and the var ious  load c e l l s  using both 
the X-Y r e c o r d e r  and RBI read-out systems. The LEC s e r i e s  f o r c e  
w a s h e r s  were not used f o r  the ul t imate  torque-tension tests due to 
their limited load rat ings.  vVith the definition of the des i r ed  c l amp  
load va lues ,  i t  w a s  determined that the capaci ty  ra t ings of the LEC 
force w a s h e r s  were included f o r  compar ison  with the  Transduce r  Con- 
trols, Inc., and Transduce r s  Inc, load ce l l s .  
A second s e r i e s  of installation torque tests w e r e  conducted on five 
new bolts. 
combtnation were employed f o r  five full installation and removal  cycles. 
On the sixth cyc le  the original nut was  d iscarded ,  and a new nut sub- 
s t t tuted.  The second nut was  subjected to ten installation cyc les ,  re- 
sult ing in a total  of 15 installation cyc le s  on the test bolt. As with the 
f i r s t  s e r i e s  of tests, the installation torque was  held constant  for each  
cycle. The resu l tan t  induced c l amp  loads w e r e  observed and recorded.  
For th is  p a r t  of the  program,  the same new nut and bolt 
A tht rd sertes of tests w e r e  per formed,  torquing the original bolt- 
nut combination f o r  ten installation cyc les .  On the eleventh installation 
cycle, the ortginal test nut was  discarded and a new nut substi tuted.  
new nut and original bolt  were  subjected to addtttonal f ive installatton 
torque cycles, completing a total  of 15 cyc le s  on the bolt. 
The 
During the course of the installation torque cycling, f a s t ene r  a s s e m b l i e s  
w e r e  subjected to two torque application rates. S m a l l e r  d i ame te r  test 
f a s t ene r s  w e r e  torqued in one continuous motion until the proposed torque 
value w a s  reached,  The  procedure  f o r  the second method involved torquing 
of the f a s t ene r  in f ive equal s t e p s  until the suggested installation torque 










TEST RESULTS AND DISCUSS1 
General  
N - P H A S E  I 
The test da ta  developed under  the Phase  I Investigation of installa- 
tion Var iab les  i s  presented in Appendtx 6 .  In the program,  a l l  test 
s a m p l e s  were  identified by the appltcable spec imen group code letter 
as noted in Table  2. To distinguish between the two main s e r i e s  of 
tests, all s t a t i c  test s a m p l e s  w e r e  assigned the letter "S" ,  while those 
spec imens  subjected to torque testing w e r e  assigned the destgnation "TI'. 
Stattc St rength  Test Data 
Bolt Tensi le  S t rength  Resul ts .  The r e s u l t s  of the stattc ul t tmate  
tensi le  s t rength  tests of the bolts included in the Phase  I investigation 
are noted in Tables  IA, IIA, IIIA, IVA, VA, and VIA. Typtcal bolt 
tensi le  f a i lu re s  as observed In th t s  part of the study are i l lustrated for 
information in F igure  26. 
The s e r i e s  of bolt tensi le  s t rength  tests tncluded evaluation 
using s t e e l  threaded adapters ,  and var ious  self-locking nut configurations 
normally tntended f o r  the test bolts. me data  general ly  tndtcates an  
abt l t ty  to develop htgher  bolt failing loads when tes ted with the  steel 
threaded adap te r s .  When tested in this manner ,  all bolt stzes exhibited 
a n  abtl t ty to mee t  and/or exceed the applicable minimum tenstle s t rength  
requ Lrements referenced in the applicable procurement  spectf lcat tons . 
When tested with var ious  self-locking nuts,  some s l igh t  scatter was 
observed with bolt tensi le  s t rength  proper t ies  depending on the nut design 
employed, suggesting that the mattng nut has  a d i r e c t  influence on the 
s t rength  of the f a s t ene r  assembly .  The p r tme  destgnated self-locking nuts 
w e r e  capable  of failing the bolt tn the thread area at the fatllng loads noted 
on the var tous  tables .  However, two specif tc  nut types included for corn- 
parat tve s tudy  resul ted tn nut thread s t r lpptng f a t lu re s  at loads below the 
bolt mtnimum tenst le  s t rength  requi rement .  The  MS 20365-624 nylon tnsert  
self-locking nuts used on the BAC B30 MR6C24 t i tanium al loy bolts (Speck 
m e n s  T-S26 t h ru  T - S O ,  Table IIIA) produced thread s t r ipping f a t lu re s  of 
the nut at va lues  marginal ly  below the mintmum spectfied bolt s t rength .  
In the case of the NASllO4 sertes s t ee l ,  and NAS654 sertes ti tanium alloy 
s h o r t  thread hex head s h e a r  bolts,  the NAS679 low hetght hex nuts w e r e  
tes ted in two mater ta l  combtnatlons and three fas t ene r  stzes. Thread 
s t r lpptng f a t lu re  was  noted in a l l  test bolt-nut combinattons.  While the 
test r e su l t s  with the NAS679 nuts w e r e  lower than comparable  other test 
nuts on the NAS 1104 s e r i e s  s t ee l  bolts,  a l l  falling loads w e r e  above the 
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minimum values  f o r  th i s  bolt s e r i e s .  However, the same series nut 
fabr icated f rom A286 CRES and s t e e l  used on NAS654 s e r i e s  titanium 
alloy bolts failed to develop the bolt minimum tensi le  s t rength  require- 
ments as reflected in Specification NAS621 (Reference Table VIA). 
Tensi le  test da ta  has  been summar ized  indicating both the actual  
ul t imate  tens ile failing load, and the calculated ul t imate  tens i le  s t rength  
using the tens i le  stress area specified for the applicable bolt s e r i e s .  The 
problem associated wtth tensi le  s t rength  rat ings,  and the significance of 
tens i le  stress area w e r e  par t icu lar ly  emphasized by two bolt s e r i e s  in the 
Phase  I s tudy.  The Boeing BAC B30MR series and NAS1271 s e r i e s  ex- 
te rna l  wrenching head bolts are both fabricated f rom 6A1-4V titanium 
alloy and are each  designed to develop a minimum ul t imate  tensi le  s t rength  
of 1103.2 MN/m2 (160 KSI). While bolts nominally have the same s t r eng th  
rating, tensi le  load requi rements  differ ,  as follows: 
Tensile Stress Spec, Minimum 
Area Tensile Load 
2 Requirement 
nrm ( s q o  in*)  Newtons $pounds) 
Thread Size Bo1 t Part Number 
BAC B3OMR4Cll 1/4-28 UNJF-3A 26.064 0.0404 28 780 6,480 
0364 25 890 5,820 NAS 1271-16 1/4-28 UNF-3A 23 484 
BAG B3m8C32 1/2-20 UNJF-3A 110,77 .1717 122 320 27,500 
NAS 1275-24 1/2-20 UNF-3A 103,16 0 1599 113 870 25,600 
Tensi le  stress areas f o r  the above bolts are referenced in Boeing 
Specification BPS-F-69 and Specification NAS621. The differences noted 
indicate that consideration of mechanical proper t ies  and subsequent torque- 
tension relat ionships  should be defined f o r  specif ic  bolt s e r i e s ,  and not on 
the bas i s  of s t r eng th  or heat  treat level.  
The NAS1104 s e r i e s  s t ee l  and NAS654 s e r i e s  titanium alloy bolts 
are both s h o r t  thread hex head f a s t ene r s  intended p r imar i ly  f o r  u se  as 
s h e a r  ra ted bolts designed to develop 655.0 MN/m2 (95 K S I )  s h e a r  
proper t ies .  Although the bolts are s i m t l a r  in design and function, the 
minimum required tensi le  s t rength  proper t ies  differ  f o r  these  bolt s e r i e s .  
N o  tensi le  stress area i s  spectfied for the NAS1104 series bolts , but mini- 
mum tensi le  s t rength  values  are referenced on the N A S l l O 3  thru 1120 
Standard .  The  NAS654 s e r i e s  bolts are defined by Specification NAS621, 
which es tab l i shes  tensi le  stress area based on National Bureau of Stand- 
a r d s  Handbook H28. I t  is signif icant  to note that in Specification NAS621 
no distinction i s  made with respect to tensi le  s t rength  requi rements  f o r  
s tandard  thread tension bolts or s h o r t  thread s h e a r  bol ts .  
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Bolt Yield Strength Results. The results of the Johnson's 2/3 
Approximate Method yield strength tests are noted in Tables lB, 28, 
38, 4B, 5B, and 6B. Typical load-deflection curves used fo r  the 
analysis showing the determination of the Johnson's 2/3 Modulus are 
illustrated in Figures 27 and 28. 
Based on the determination of the bolt yield strength, the rat lo of 
the test yteld stress to the ultimate stress for the same fastener has 
also been listed on the applicable tables. It should be noted that the 
determination of the Johnson's 2/3 Modulus requires the use of a special 
bolt extensometer for measurement of bolt deflection and generating 
of the resultant curve. Because of the variation of fastener size and 
large deflections obtained, the extensometer used is l imited in magnifi- 
cation ratio. 
curve. 
of the curve and subsequent analysis. 
Lower magnification ratios produce a steep load-deflection 
Higher magnification ratios are desirable for  better definitton 
A t  present, there i s  no uniformly accepted standard fo r  definition 
of what constitutes bolt yield strength. In the absence of such Standards, 
the Johnson's 2/3 Approximate Method has been employed for analysis of 
bolt yleld strength. This method permits testing of the actual full scale 
bolt. Some advantage exists in that this test technique takes into account 
a l l  manufactured features of the fastener including notch sensitivity of the 
threads, hardening due to thread roll ing and working of f i l l e t  radius, etc. 
It is recognized that this technique s t i l l  represents an Approximate Method, 
and it appears that a more precise definition of bolt yield strength and test 
method are warranted. However, ustng this analysis, the scatter of test 
yield strength values appear to be relatively uniform. The data indicated 
slightly higher yield strengths were observed with the fasteners tested with 
thread adapters. This particularly was nottced with the evaluation of the 
bolts fabricated from titanium alloy. 
Bolt Double Shear Strength Results. The results of the double shear 
strength tests of the Phase I bolts are presented in Tables I C y  I1 C, I11 C, 
IV C, and V C. The double shear strength tests were performed on the bolts 
previously subjected to the tensile strength evaluation. The double shear 
specimens are also shown tn Figure 26. 
While this data is submitted for  information only, several observations 
are of interest. In both the MS21250 series and AS180 series alloy steel 
1241.1 MN/m2 (180 KSI) bolts, double shear test values were observed to 
be marginally below the minimum specification values in the 1/4-28 and 
1/2-20 sizes. The shear results of the NAS658V32 bolts simi lar ly exhibtted 
marginally low shear properties. The relationship of shear strength to 
tensile strength, particularly in the higher strength materials has been 
under investigation. There has been a traditional approach towards estab- 




















































































































FIGURE 29. TENSILE LOAD-STRAIN CURVES FOR MS 21250-08048 REDUCED GAGE SECTION BOLTS 
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- .  
d a t a  h a s  indtcated that this ratio may vary f r o m  56% to as much as 64%. 
For the most pa r t ,  bol ts  are heat t rea ted  to correspond with the i r  
tenst le  s t rength  response ,  and are not normally heat  t rea ted  to develop 
shear s t rength  proper t ies .  The bolts tes ted were  capable  of meeting 
specified tensi le  s t rength  requi rements .  With the observed variat ion 
in the shear strength,  i t  would appea r  that bolts may have to be heat  
t rea ted  to the high s i d e  of the pertmissible heat  treat range in o r d e r  to 
a s s u r e  that resu l tan t  shear s t r eng ths  will meet specification require- 
ments .  The al ternat ive would be a sl ight  reductlon in s h e a r  s t rength  
p rope r t i e s  to compensate for possible lower shear-to-tenstle ratios. 
6 
The signiftcance of th i s  background information is that Rockwe11 
hardness  checking of steel bolts may presen t  an approximate condition 
of tensi le  s t rength ,  but ts no guarantee of the shear s t rength  proper t ies .  
Bolt Reduced Gage Sect ion Test Resul ts .  The r e s u l t s  of the 
t en i i l e  and yield s t rength  tests of the reduced gage sect ion bolt speci-  
mens  under  the Phase  I p rogram are summar ized  in Tables  I D, I1 D, 
111 D, IV D, V D, and VI D o  Representat ive fa i lures  of reduced gage 
sec t ion  bolt s a m p l e s  are a l s o  i l lustrated in F igure  26. 
In preparing the reduced gage  sect ion samples ,  recommendations 
01 L r l t  A S T M  were  observed with r e spec t  to gage d i  
length. 
of this testing approach, s ince  relatively s h o r t  test bolts d o  not pq rmi tT  
machining of adequate test gage sections. Accordingly, the sco- of th l s  
pa r t  of the tnv s t iga t ion  was  l imited to the longer le6gth bolts,  
i l lus t ra tes  typical load-strain c u r v e s  as developed &$<the MS 2f2B$+08048 
test f a s t ene r s .  
The relationship of the reduced gage sec t i  i t s  the versat i l i ty  
I 
Figure'q9 
Analysis of the  ul t imate  tensi le  s t rength  proper t ies  compared  'with 
the corr3sponding ult imate s t rengths  of the full scale bolts indicatgd that 
the da ta  did not a g r e e  between the two test techniques. The tests .of the- 
full s c a l e  bolts general ly  tended to produce higher  ul t imate  tensi le  strengths . 
than the reduced gage sect ion spec imens .  One consideration f o r  the possible 
distinction involves the additional work effect  real ized in a ful l  s c a l e  bolt 
by v i r tue  of cold rolling the threads  after heat  t rea tment .  A l s o ,  some 
working of the ma te r i a l  p r i o r  to heading. 
c o r e  s t rength of the  reduced gage sect ion spec imen i s  somewhat lower 
than the composi te  s t rength  of the full scale bolt. A second consideration 
involves the determination of the ful l  scale bolt s t rength  based on the speci- 
fled tensi le  stress area f o r  the f a s t ene r  series. 
noted with the BAC E330MR and NAS 1271 ;cries titanium alloy bolts. 
* 




m a t e r i a l s  achieve mechanlcal proper t ies  by means  of cold drawing or  *? t 
The effect  appea r s  to be that  the 
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Since a direct correlation between ful l  scale bolt yield strength 
and reduced gage section yield strength was not evident, a basic decision 
was made for purposes of this study. It was considered that the full scale 
bolt yield strength results would more closely approximate the conditions 
encountered in actual installation and use of these fasteners in structure. 
Recognizing the limitations on bolt yield strength criterta, as discussed 
earlier, it w a s  decided to employ the Johnson's 2/3 Modulus bolt yield 
data in lieu of the reduced gage section data. 
approach relates directly to the establishment of torque-tension relation- 
ships, since clamp load objectives have usually been stated as a percent- 
age of bolt yield strength. An analysis of the test bolt yield data was made, 
With the variations of data noted, the best approximation for bolt yield 
strength for  each test series was established. A bolt yield strength to 
bolt tensile strength rat io was then defined for subsequent use in the 
torque-tension investigation. 
in Table 4. 
The significance of this 
The estimated ratios have been presented 
The results of the elongation and reduction of area properties of the 
reduced gage section bolt specimens are noted in Tables I E, I1 E, I11 E, 
IV E, V E, and V I  E. These properties appear to be consistent for  the 
materials used in the fabrication of the Phase I bolts and are presented 
for information only. 
Toraue-Tens ion Test Data 
Ultimate Torque-Tension Test Results. Results of the Phase I torque- 
tension tests to failure under the various evaluation conditions are noted in 
Tables IF, I G ,  IH, I J ,  I I F ,  I IG ,  I I I F ,  I I IG,  I I I H ,  I V F ,  I L G ,  VF-, VG, 
V H ,  VJ, VIE,  L I G ,  V I H .  
The major interest in this part of the program was the study of 
ultimate performance, the nature of the failures obtained, and the 
comparison of the test systems employed. 
(Specimen Groups "S" and "T") primary mode of failure of the 6.350mm 
(0,250 in.) and 9.225 mm (0.375 in.) sizes was by actual torsion failure 
of the bolt threads. 
sizes resulted in stripping and/or pronounced elongation of the bolt threads. 
The short thread, shear series bolts (Specimen Groups "R" and "U") 
generally exhibited thread stripping of the bolt threads, although selected 
nut failures were encountered, Typical Phase I bolts after ultimate torque- 
tension tests are i l lustrated in Figure 30. Closer examination of the test 
specimens indicated extensive galling on both the face of the test nut and the 
mating washer. A close-up of representative test fasteners after completion 
of evaluation illustrating this condition is shown in Figure 31. 
For the tension test  bolts 











The 12-point and Allen-Spline nuts tested with the Phase I tension 
bolts demonstrated the capability for  developing the ultimate torque 
strength of the fastener assembly, As indicated above, the majority 
of failures were attributed to the bolt member. Some slight distortion 
and rounding of the 12-point corners on the cadmium plated H23X4 and 
H20X8 nuts was noticed, but the nuts were capable of being removed from 
the bolts. For the NAS654 and NAS1104 series bolts, the basic nut con- 
figuration was a hexagon type nut. The nuts represented two designs con- 
forming to the NAS679 and NAS1291 Standards. A comparison of the nuts 
indtcated that for  any given thread size, the wrenching flats of the NAS1291 
nut (F52LH3324 and RM52LH3324 series) were smaller than the NAS679 
nut. 
While the preponderance of ultimate torque-tension failures were attributed 
to thread stripping of the NAS654 and NAS1104 series bolts, notlceable 
distortion and damage to the hex corners of the NAS1291 nuts were observed 
as illustrated in Figures 32 and 33. Where failure of the NAS679 nuts was 
encountered, actual fracture of the nut at the base was observed. 
failure is shown in Figure 30, 
The NAS679 nut was also distinguished as being of the thin wall design. 
Typical 
6 '  
The NAS679 and NAS1291 series nuts were evaluated with both 
hexagon and 12-point sockets. Under the ultimate torque evaluation, re- 
petitive use of the hexagon socket resulted in rounding of the corners and 
actual fracture of the socket as illustrated in F igure 34. Some wear was 
noted in the 12-point sockets but no cracking o r  failures were encountered, 
A l l  12-point sockets exhibited the abil ity of developing the ultimate torques 
of the fastener assembly tested. 
The various series of tests conducted in the three hole sizes for 
each fastener diameter (i. e. minimum, nominal, and oversize) indicated 
that the highest clamp loads were developed in the nominal hole size, 
approximately 0.127 mm (0.005 inches) over basic. 
loads under the test torque conditions in the minimum and oversize hole 
conditions may possibly be attributed to separate causes. In the mini- 
mum or basic hole size, there appeared to be some evidence of galling 
o r  binding in the test fixtures, In  the oversize hole condition, there was 
evidence of coining of the mating test washer. The tendency towards 
htgher clamp load values in the nominal hole size was consistent for a l l  
bolt series irrespective of bolt material and design configuration. 
The lower clamp 
The galling of the washer faces noted earl ier appeared to be a 
significant contributing factor in the development of ultimate torque- 
tension values. 
of the mating washer, pr imar i ly  under the test nut. This was noted with 
' both the MS 20002 and the AN 960 washers. An example of washer 
failure is shown in Figure 31. 






FIGURE 32. CLOSE-UP OF NAS 1106-18 BOLT AND RM52LH3324-064 
NUT AFTER ULTIMATE TORQUE-TENSION TEST 
FIGURE 33. CLOSE-UP OF NAS 1104-12 SHORT THREAD BOLT AFTER 
ULTIMATE TORQUE-TENSION TEST 
Comparison of the measur ing  techniques indicated that  the c l amp  
load va lues  measured  with the s t r a i n  gaged load c e l l s  appeared to be 
more consis tent  than the comparable  data developed on the Skidrnore- 
Wilhelm torque-tension tester. The  ul t imate  torque-tenston r e s u l t s  
f rom the Skidmore-Wilhelm tester were  in genera l  ag reemen t  , but 
resul ted in too wide a variat ion.  In performing the tests, the Stur tevant  
torque test f ixture  permit ted m o r e  control of alignment and end load of 
the driving socket on the fas tener .  In conducting the tests on the Skld- 
more-Wilhelm tester, guidance and end load was  applied manually by 
the test technician.  U n d e r  th i s  condition, there was  a g r e a t e r  tendency 
towards camming out of the socket  f r o m  the nut, often resul t tng in 
damage to the wrenching corners of the nut, 
Using the load ce l l  and X-Y plot ter  system, a graphic  presentation 
of performance  of the test f a s t ene r  system was developed for the  smaller 
fa s t ene r  s i z e s .  Representat ive ul t imate  torque-tens ion c u r v e s  are Lllus- 
t ra ted  in F igu res  35, 36, 37, and 38. The  c u r v e s  indicate that the relation- 
s h i p  of induced c l amp  load to applied torque is proportional.  The smaller 
s i z e s  permit ted the development of the cu rve  by means  of continuous appti- 
cation of torque. The l a r g e r  bolt s i z e s ,  requir ing higher ul t imate  torques, 
did not eas i ly  allow f o r  manual continuous application of torque. Ultimate 
torque-tension c u r v e s  w e r e  generated in uniform, stepped increments  
The  value of d i r e c t  reading c u r v e s  i s  the abil i ty to s tudy and analyze the 
overa l l  performance.  
MS 21 250-06030 bolts torqued f r o m  both the nut and bolt head and , as shown 
tn F igure  35. Fur the r  s tudy  of the c u r v e s  tndicates that the highest clamp 
load induced in the fa s t ene r  was  achieved at approximately 11.30 N-m (100 
in.-lbs) p r i o r  to fa i lure  of the bolt. By comparison,  the ultlrnate torque- 
tension tests of the b a r e  NAS1271 and NAS654 t i tanium alloy bolts as 
i l lust rated in F igu re  36, indicated that the maximum torque value was 
coincident with the maximum induced c l amp  load f o r  the test f a s t ene r  systems. 
For example,  distinctlon can  be made for the 
Fur the r ,  visual  analysts of the c u r v e s  contributed to evaluatlon of the 
different lubricant  systems studied in the project .  F igure  37 i l lus t ra tes  
ul t imate  torque-tension tests conducted on AS1804012 a l loy  steel bolts 
Employing the same s e r i e s  of bolts,  tests w e r e  conducted with the Allen 
Aeronuts  furnished in the b a r e ,  cadmium plate,  and d r y  f i lm lube finishes.  
Th i s  s e r i e s  of tests indicated higher c l amp  loads at lower ul t imate  torques 
for the d r y  f i lm lube nuts when compared with the cadmium plated Allen 
Spl ine  dr ive  nuts.  
Pe rhaps  the major problem with the u s e  of an X-Y recorder,Is the 
necess i ty  f o r  p rec i se  p r i o r  cal ibrat ion.  
scale fu r the r  l imt t  the accuracy  of the test data. The  test results from the 
load ce l l  and the RBI S t r a i n  Gage Indicator provided a more p r e c i s e  abil i ty 
The l imitations of the useable  
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to read-ar t  ul t imate  induced c l amp  load, This  system s i m i l a r l y  required 
p r i o r  cal Lbration, but provided read-out accu rac i e s  approximating 0 25% 
of test s c a l e  readings.  The  s t r a i n  indicator was  useable  f o r  the full range 
of bolt  stzes tncluded tn the program.  While torque and induced c l amp  
Loads could readily be obtatned, per formance  and react ion at the ul t imate  
condtttons could be judged only by feel .  
For the tension bolt series, marglnal ly  htgher  c l amp  loads w e r e  
developed using nuts furntshed wtth dry  f t lm lubricatton. Marginally 
higher  torque va lues  w e r e  observed with the nuts furntshed with cadmium 
plate ftntsh. Tests wtth the b a r e  Allen Aeronuts  on the Type I1 cadmium 
plated AS 180 bolts tndicated c l amp  toads higher than those achieved wlth 
the cadmium plated aeronuts but lower than those developed with the dry 
fllm lubed aercmuts. The  application of MIL-T-5544 lubricant  to the bolt 
head bearing and thread and nut face s u r f a c e s  markedly reduced installa- 
tton torque values  and resul ted in general ly  higher  tnduced c l amp  loads,  
Representat ive torque-tenston c u r v e s  of f a s t e n e r s  wtth MS L-7"-5544 Lubrt- 
cant are shown in F tgure  38. The resu l tan t  torque va lues  w e r e  consls tent  
and more uniform than comparable  tests conducted wtth the supplemental  
lubrtcant.  
The s e r i e s  of tests conducted to s tudy induced c lamp loads by means  
of p rec t se  bolt elongation measu remen t s  indtcated a uniform trend for the 
alloy steel and t i tanium alloy f a s t ene r s  tested. However, while the test 
r e s u l t s  are c lose ,  the scatter noted does not pe rmi t  accu ra t e ,  repet i t lve 
use  of this technique as a s tandard  to approximate c l amp  load. F igure  39 
i l lus t ra tes  representa t lve  c l amp  load v e r s u s  elongation and torque v e r s u s  
elongation c u r v e s  f o r  MS 21250-04012 bolts tested wtth H23-4 nuts.  Using 
the elongation measu remen t  as the p r i m e  c r i t e r i a ,  the resu l tan t  range of 
c lamp  Ioads and installation torques are noted as follows: 
+4 
M e  as u red Clamp Load Torque 
Elongation Newtons Newton- Mete r  
m m  (pounds) ( inch- pounds) 
(in .) Max. -Min. Max. Min. -
0.102 14 460 20 680 9.04 15.82 
(0.004) (3,250) (4,650) (80) (1 40) 
(0.008) (5,6cW (6,200) (200) (235) 
0.203 24 910 27 580 22.60 26.55 
I 
The same genera l  flhdings w e r e  a l s o  observed with the CAC 530MR 
s e r i e s  t i tanium alloy bolts: The data a l s o  indicated that the elongation 
c u r v e s  var ied  when torquing f r o m  the bolt head as compared with torquing 
f rom the mating nut, This l tes t  techntque did not pe rmi t  an accuracy  of 




TORQUE , Newton-meter (Inch-pounds) 
CLAMP LOAD 
TORQUE, Newton-meter (Inch-pounds) 
64 
FIGURE 35. ULTIMATE TORQUE-TENSION CURVES FOR MS 21250-06030 BOLTS 
CLAMP LOAD 
Newtons 
TORQUE, Newton-meter (inch-pounds) 
CLAMP LOAD 
LEGEND: 
Bolt Part No.: NAS 1271-16 
Thread Slze: 1/4-28 UNF-3A 
Nut Part No.: H23-4 (Dry Fllrn Lube) & 
SL7004C428 (Sllver Plate: 
Test: Ultlrnate Toraue-Tenslon 
LEGEND: I- Bolt Part No.: NAS 654V14 
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FIGURE 38. ULTIMATE TORQUE-TENSION CURVES FOR MS 212SC-04012 AND NAS 1104-12 BOLTS 




























installation Cycling Torque-Tension Tes t  Resul ts  This  p a r t  
of the investigation was  concerned with the development of the objective 
"Design Clamp Loads" f o r  the Phase  I bolts as summar ized  in Table 4 
by means  of torque control  thru 1 5  repeti t ive installation cycles. AS 
noted e a r l i e r ,  approximate installation torque values  w e r e  f i r s t  deter- 
mined f r o m  the applicable ult imate torque-tension c u r v e s  corresponding 
to des i red  c l amp  load requi rements .  Where  test c u r v e s  w e r e  not gene- 
ra ted ,  spot check  tests were  conducted observing the torque necessa ry  
to develop the objective design c l amp  loads referenced in Table 4. Design 
torque values  w e r e  then proposed and used f o r  the installation cycling 
s tudy.  Torquing was  accomplished in incremental  s t e p s  to the design 
torque value,  with corresponding c l amp  loads noted f o r  each  torque incre- 
ment .  
15-Cycle Installation Torque-Tension Test Resul ts  Resul ts  of 
the Phase  I 15-cycle installation torque-tension tests utilizing the s a m e  
bolt and nut combination are summar ized  in Tables  I K, I 1  H, I11 J, IV H, 
V J ,  and V I J .  
The m a j o r  observation of the 15-cycle installation s tudy was  the 
significant deter iorat ion of c l amp  load with repeti t ive u s e  of the same 
bolt-nut combination. 
ing t h i s  phenomenon are shown in Figure 40. 
initial application, the installation torque was  general ly  capable of develop- 
ing the objective design c lamp load. With repeated use ,  loss of c l amp  load 
resul ted,  observing the same initial installation torque value.  Subsequent 
examination indicated evidence of galling on the nut face,  washer ,  bolt 
head, and threads .  The galling conditions noted indicate that s o m e  torque 
is lost in overcoming the galling and i s  not productive in t e r m s  of develop- 
ing c l amp  load, 
Typical X-Y curves  f o r  1/4-28 size bolts illustrat- 
The da ta  indicated that  on 
The test data  indicated that the torque-tension performance of the 
s a m e  lot of bolts was  influenced directly by the self-locking nut design, 
mater ia l ,  and finish. I t  was  observed that  s o m e  of the self-locking nuts 
apparent ly  included additional lubricants  over and above the normally 
specified protective coatings 
waxes,  may have been intended to control o r  compensate  f o r  locking torque 
range of the nuts  during original manufacture.  The var ia t ions in specified 
and supplemental  nut f inishes  are probably one of the contributing f ac to r s  
to the difference in installation torques to develop essent ia l ly  the same 
c l a m p  load va lues ,  
The additional lubricants,  such  as light 
With r e spec t  to the nut f insihes ,  the test data  indicated that nuts  
furnished with a ary f i lm lubricant applied over cadmium plate requi red  




INSTALLATION TORQUE - 22.60 Nrn (200 in-lbf) 
INSTALLATION TORQUE - 24.86 Nrn (220 In-lbP) 
FIGURE 40. TYPICAL 15-CYCLE INSTALLATION TORQUE-TENSION CURVES. 
compared with comparable  nuts  furnished only with cadmium plate 
finish.  Of par t icu lar  interest  i s  the da ta  summar ized  in Table I 1  H, 
covering comparat ive tests of Allen Aeronuts  furnished ba re ,  and wlth 
cadmium plate,  and d r y  f i lm lubricant over cadmium plate finish.  
most favorable initial lubricant s y s t e m  consis ted of the b a r e  nut and 
cadmium plate mating bolt. However, repeti t ive u s e  of the bare nu t  
resul ted in s e v e r e  galling conditions p r i o r  to completion of 15 installa- 
tion cycles .  I t  should be  noted that  no supplemental  or compensating 
waxes w e r e  applied to any  of the Allen Aeronuts . 
The 
S i l v e r  plated, A286 CRES self-locking nuts  were  tes ted on 
t i tanium alloy bolts,  as noted in Tables  111 J and VI J. Compared 
with the d r y  f i lm lubricated and cadmium plated nuts,  the s i l v e r  plat- 
ing on the nuts  was  par t icular ly  poor  as a lubricant agent.  Sub- 
s tant ia l ly  higher  installation torques w e r e  needed to develop design 
c l a m p  load values.  
The l imited data  a l s o  sugges ts  that  self-locking nut design 
and ma te r i a l  affect torque-tension relationships.  The tests of the 
Group R bolts as summar ized  in Table No. I/ J included a compari-  
s o n  of the NAS 679 and NAS 1291 (RM52LH3324 s e r i e s )  self-locking 
nuts, both supplied with d r y  f i lm lubricant over cadmium plating 
While the static s t rength  tests indicated higher ul t imate  s t r eng ths  for 
the NAS 1291 nuts,  marginal ly  lower installation torques  and improved 
15-cycle performance w e r e  noted with the NAS E 7 9  series nuts.  
The 15-cycle installation torque-tension test program a l s o  
indicated that general ly  higher installation torques were  required to 
develop the s a m e  c lamp load when torquing f rom the bolt head as 
compared  with torquing f r o m  the mating nut ,  
As observed originally during the ult imate torque-tension phase 
of the test study, the installation cycling tests indicated that  the highest  
c l amp  loads w e r e  developed in the nominal hole size, approximately 
0,127 Nm (0.005 in,) o v e r  basic .  Marginally lower c l amp  loads w e r e  
noted In the basic and ove r s i ze  test hole conditions. I t  i s  possible that 
for the basic or minimum hole size, binding or f r ic t ion of the bolt in 
the hole contr ibutes  to the s l igh t  l o s s  of c l amp  load. In the overs ize  
hole, the c lamp load l o s s  may possibly be at t r ibutable  to dishing or  
coining of the mating washe r s  and the resul tant  friction which d e t r a c t s  
f r o m  the development of c l a m p  load, 
that there i s  a n  optimum hole size which will produce higher c lamp 
loads f o r  any given installation torque.  
F r o m  the data ,  i t  would appear  
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INSTALLATION TORQUE - 24.86 Nm (220 ln-lbf) 
FIGURE 41. 15-CYCLE TORQUE-TENSION CURVES FOR MS 21250-04012 BOLTS WITH NEW NUTS USED 
ON 6th AN0 11th INSTALLATION CYCLES 
72 
Study of the da ta  f o r  comparable  series bolts of varying lengths 
sugges t s  that the re  may  be s l ight  differences in torque-tension relation- 
sh ips  based on bolt length. The da ta  sugges ts  that  longer  length bolts 
develop slightly lower c l amp  loads at lower torque values .  Approachtng 
the final installation torque,  design c l amp  load objectives w e r e  general ly  
met. While t h e r e  a p p e a r s  to be a tors ional  effect due to bolt length, the 
abili ty to develop final design c l amp  load would s e e m  to preclude the 
need for establishing s e p a r a t e  installation torque requi r emen t s  as related 
to bolt length 
All  nuts employed in this  p rogram w e r e  of the self-locking design. 
As such ,  the nuts incorporated a prevailing torque fea ture  which affected 
the torque-tension relationship sl ightly.  
introduced in the bolt, it was  necessa ry  to overcome the inherent pre- 
vailing torque of the nut design. 
therefore  includes the torque necessa ry  to overcome the self-locking 
fea ture .  Different nuts f r o m  within the s a m e  manufactured lot often 
re f lec t  var ia t ions in prevailing torque cha rac t e r i s t i c s .  
be des i rab le  to exclude prevailing torque proper t ies  f r o m  design in- 
stallation torque values ,  the problems which would be encountered in 
service make th i s  approach highly impract ical .  
installation torque data ,  the final installation torque only should be speci-  
f ied,  recognizing that s o m e  s l ight  percentage of the torque will be ex- 
pended to overcome self-locking nut prevailing torque 
Before c l amp  load could be 
The actual design installation torque 
VVhile i t  might 
To facil i tate the use  of 
Taking into account the torque required to overcome the self-locking 
nut feature ,  the t e s t  da ta  indicated a s l igh t  deviation f rom a pure  s t r a igh t  
line torque-tension relationship.  This  condition was  par t icular ly  noticed 
with continued use  of the s a m e  bolt-nut combination, and may have been 
influenced by galling and loss of lubrication effect  of the original plating. 
However, fo r  the f i r s t  installation cycle ,  the deviations observed w e r e  
negligible to pe rmi t  consideration of the torque-tension relationship as 
essent ia l ly  proportional . 
A limited s e r i e s  of tests w e r e  conducted torquing the fasteners 
under  "slow" and "fast" conditions. 
plished by hand. With this  limitation, measurement  accuracy  was  limited 
to the 6 .350mm (1/4") and 9 .525mm ( 3 / 8 " )  bolt d i ame te r s .  
under  very fast conditions (20 r p m  o r  g r e a t e r )  tended to introduce a n  
iner t ia  factor result ing in higher c lamp loads in the test bolt. Torquing 
under  slow conditions (approximating 4 rpm)  provided g r e a t e r  control of 
torque and resul tant  consis tency in induced c l amp  load cha rac t e r i s t i c s  
Accordingly, the installation torque-tension tests w e r e  performed at 
approximately 4 rprn, as presented in The Phase  I da t a ,  





INSTALLATION TORQUE - 24.86 Nrn (220 lrrlbr) 
CLAMP LOAD 
.INSTALLATION TORQUE - 24.86 Nm (220 Irrlbfl 
FIGURE 42. 15-CYCLE TORQUE-TENSION CURVES FOR MS 21250 BOLTS UNDER 3' BENDING CONDITIONS 
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CLAMP LOAD 
Bolt Part No.: MS 2126+-04012 
Thread Slze: 1/4-28 UNJF-3A 
Nut Part No.: H23-4 (Dry Fllrn Lube) 
INSTALLATION TORQUE - 14.12 Nm (125 In-lbf) 
FIGURE 43. 15-CYCLE TORQUE-TENSION CURVE FOR MS 21250-04012 
BOLT WITH MIL-T-5544 SUPPLEMENTAL LUBRICANT 
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1 
The var ious  duplicate s e r i e s  of 15-cycle installation torque- 
tension tests provided additional comparison of the s e v e r a l  bolt c l amp  
load measuring s y s t e m s  employed in the Phase  I p rog ram.  
Wilhelm hydraulic torque-tension test s y s t e m  posed cer ta in  problems 
with respect to testing aircraft type f a s t ene r s .  As noted e a r l i e r ,  the 
s tandard  tester could not accommodate  12-point configuration bolts o r  
nuts vvtthwt special  adapters ,  and the testing was  therefore  limited to 
the Group "R" and "U" hexagon head bolts. 
considerable  var ia t ion in c lamp load readings and did not provide the 
5% accuracy  objective of the study. 
The Skidmore- 
The test da ta  indicated 
The LEC fo rce  washer ,  employing a s ingle  gage,  permit ted testing 
of s h o r t e r  g r i p  length bolts.  This load ce l l  design though i s  limited in 
load capacity,  and was  not considered sui tablc  or  re l iable  f o r  evaluation 
of higher s t rength  ae rospace  bolt series. The tests conducted with the 
Group "R" bolts (Table N o .  VJ)  indicated evidence of hys t e re s i s  and/or 
d r i f t  of the zero balance of the LEC fo rce  w a s h e r s  during the cycling 
testing. Slightly higher c l amp  load readings were  noted with this  s y s t e m .  
The fo rce  washe r s  do  provide a means  of developing torque-tension data ,  
but the s tabi l i ty  of the gages under  repeti t ive u s e  was not adequately re- 
liable to a s s u r e  5% accuracy  of bolt c l amp  load read-out under  the de- 
fined test conditions 
The compress ion  column, 4-gage bridge type of load cel l  provided 
Periodic  the mos t  consis tent  test da ta  under  the Phase  I investigation. 
cal ibrat ions of the load ce l l  confirmed uniform read-out cha rac t e r i s t i c s .  
The test data sugges ts  a load measurement  capability of within 5% accu- 
racy, The s tudy dld point up that  p rec i se  load measurement  in the bolt- 
nut s y s t e m  was  d i rec t ly  influenced by o the r  m a j o r  var iab les  including 
torque wrench accuracy  and read-out, speed of testing, lubrication con- 
dit ions,  and inherent design a spec t s  of the self-locking nuts used.  The 
c l a s s  of compress ion  column load ce l l s  employed by Almay and manu- 
factured by Transducer  Controls Corporatton, and Transduce r s ,  Inc . , 
w e r e  capable of developing high load capacity.  In order to achieve the 
high load rating and accuracy ,  s o m e  sac r i f i ce  w a s  made  in abil i ty to 
test s h o r t e r  g r i p  length bolts.  
As noted e a r l i e r ,  the u s e  of an  X-Y  plot ter  as the read-out s y s t e m  
for the load ce l l  has  value in providing a permanent  r eco rd  of f a s t ene r  
performance 
var iab les  Data  accuracy  is dependent on s c a l e  calibration and abil i ty 
to read  the da ta  f r o m  the plotted c u r v e s ,  
Graphic  comparison is possible f o r  analyzing spec i f ic  
The most  p rec i se  load measu remen t  technique involved u s e  of a 
s t r a i n  indicating instrument  
the RBI s t r a i n  indicator used by Almay incorporated a digital read-out 
In addition to good instrument  cal ibrat ion,  
system. 
a s ingle  ope ra to r .  
monitoring applied installation torque and note d i rec t ly  indicated s t r a i n  
for each  torque increment ,  Other  types of s t r a i n  indicating instru- 
men t s  often r equ i r e  manual balance and read-out and may requi re  addi- 
tional test personnel.  
c l a m p  load, using p r i o r  cal ibrat ion da ta  established f o r  the var ious  load 
c e l l s  e 
This  fea ture  permit ted the torque testing to  be conducted by 
The test technician was  allowed to concentrate  on 
Indicated s t r a i n  readings w e r e  converted to bolt 
Torque-Tension Test Resul ts  f o r  Installation Cbcling with New Nut 
Substi tution. 
with new nuts  substi tuted at the 6th and 11 th installation cycles are pre- 
sented in Tables  I L, I1 J, 111 K ,  IV J, V K,  and \ I  K. 
The s e r i e s  of 15-cycle installation torque-tension tests 
The substi tution of new nuts on the s a m e  bolts significantly improved 
c l amp  load proper t ies  of the fas tener  s y s t e m .  
tion torque pat tern employed f o r  the 15-cycle installation torque-tension 
tests, deter iorat ion or lo s s  of c lamp  load was general ly  noted with the 
or iginal  bolt-nut combination, 
o r  1 1 th installation cyc les ,  marked improvement of c l amp  loa6 resul ted,  
as il lustrated in X-Y  curves  shown in Figure 41. 
same nut for the remaining cyc les  resul ted in a gradual  l o s s  of c l amp  load. 
As implied e a r l i e r ,  the test da ta  indicates that torque-tension relattonships 
are essent ia l ly  valid f o r  the initial application only. 
da ta  a l s o  sugges ts  that  the nut i s  vulnerable with repeated use .  For r e p a i r  
or maintenance of c r i t i ca l  joints where  control of design load i s  vital ,  the 
substi tution of a new nut appea r s  to be warran ted .  
Following the s a m e  installa- 
a h e r e  new nuts w e r e  Substituted at the 6th 
The continued u s e  of the 
This  a spec t  of the 
3" Bending Installation Cycling Torque-Tension T e s t  Resul ts .  Resul ts  
of installation cycling torque-tension tests under  3 @ bending conditions are 
summar ized  in Tables  I M, I11 L, IC K ,  and I\ L. 
With the exception of the  12.700 m m  (0,500 in .) d iame te r  titanium 
al loy bolts,  the tests conductea with the 3" washer s  to evaluate effect  of 
bending indicated a n  abil i ty to approach the design c l amp  load on the f i r s t  
a s sembly  of the bolt-nut combination. 
l o s s  of c l a m p  load with repeti t ive use ,  especial ly  with longer length bolts.  
Typical X-Y c u r v e s  are il lustrated in FLgure 42. Examination of the longer 
length bolts indicated evidence of s ca r ing  m a r k s  on the shank of the  bolts as 
a re su l t  of the bending stresses, 
There  appeared to be a s h a r p e r  
The NAS 1275-24 (Reference Table  N o .  I\/ K 3) and the N A S  658V32 
bolts (Reference Table  N o .  VI L 3) resul ted in bolt thread fa i lure  when 
torqued with a 3 O  hardened washe r  under  the nut. 
that  l a r g e r  sizes of titanium alloy bolts torqued f r o m  the nut end may be 
par t icular ly  sens i t ive  to a l  Lgnment o r  bending conditions. 
This  l imited data s u g g e s b  






tion may be warran ted  with titanium alloy and o the r  low ductillity fast- 
e n e r  ma te r i a l s  to establ ish tolerance levels with r e spec t  to acceptable 
bending conditions f o r  s t ruc tu ra l  u se .  
s a m e  bolts with the 3' washe r  under  the bolt head resul ted in eventual 
galling of the f a s t ene r  s y s t e m ,  but did not produce f r ac tu re  or fa i lure  
of the bolt th reads .  
By cont ras t ,  the tests of the 
Installation Cycling Torque-Tension Tests Resul ts  with Addition of 
Supplemental  Lubricant. The r e su l t s  of the installation cycling torque- 
tension tests with the addition of supplemental  lubricants  are noted in 
Table Nos. I N and V L. 
The application of MIL-T-5544 supplemental  lubricant to the bolt and 
bolt t h reads  of both alloy s t ee l  and titanium alloy bolts w e r e  effective in 
reducing installation torque values  and minimizing deter iorat ion of c l a m p  
load with continued use  of the same bolt-nut combination. Representat ive 
X - Y  c u r v e s  are il lustrated in F igure  43. 
throughout the 15-cycle tes t ing.  The significantly lower installation torques 
r equ i r e  ex t remely  c lose  control s ince  a s l igh t  increase  in torque can r e su l t  
in higher  c l amp  load approximating the yield s t rength  of the bolt. Where 
such cont ro ls  can be exerc ized ,  the supplemental  lubricant may  be of parti- 
c u l a r  value by reducing torque requi rements ,  especial ly  f o r  l a r g e r  s i z e  
f a s t ene r s  . 
The initial lubricant was used 
Both ul t imate  torque and 15-cycle installation torque tests w e r e  con- 
ducted with MS21250-04012 bolts and H23-4 mating nuts  dipped in wet  z inc 
ch romate  p e r  MIL-P-8585, The results.of the torque tests indicate a 
lubrication affect  s i m i l a r  to the MI L-T-5544 supplemental  lubricant.  
installation torques w e r e  required to develop the design c l amp  loads with 
the wet z inc chromate  s y s t e m ,  Although 15-cycle locking torque tests w e r e  
conducted, the zinc chromate  i s  essent ia l ly  a paint and would d r y  and harden 
after application. The  15-cycle da ta  r ep resen t s  genera l  information, with 
only the initial torque-tension values  considered applicable for design p u r  
poses .  
achieved with the MIL-T-5544 lubricant.  
Lower 
The r a t io  of torque reduction a p p e a r s  to be in the same order as 
PHASE I1 - TORQUE-TENSION TESTING 
Out1 ine 
The Phase  I1 program was outlined to develop torque-tension data 
on selected bolt s e r i e s  using to  advantage the technology gained f r o m  The  
Phase  I investigation. 
in establishing torque-tension relationships f o r  field use ,  ce r t a in  
basic  requi rements  need definition. 
ment  of installation torque values  designed to develop induced c l amp  
loads based on achieving some percentage of the bolt yield s t rength.  
therefore  becomes vital to have available accu ra t e  data on bolt yield 
s t rength  values .  
da ta  indicates that  no uniform cor re la t ion  ex i s t s  between yield s t rength  
proper t ies  of the parent  bolt mater ia l  as determined by reduced gage 
sect ion t e s t  coupons, and yield strength,of the finished bolt as determined 
by Johnson 's  2 / 3  Approximate Yield Method. The data sugges ts  t he re  is 
a vital  need to r e s e a r c h  a s tandard  c r i t e r i a  to define bolt yield s t rength ,  
I t  i s  considered that  such  a c r i t e r i a  be based on testing of full  s c a l e  
finished bolts to reflect  a l l  manufacturing and processtng conditions applied 
to the bolts.  
The end objective i s  the establish- 
I t  
F r o m  the Phase  I p rog ram conducted, the static test 
In the absence of such  an  existing s tandard  criteria, the Johnson 's  
2/3 Approximate Y ield Method h a s  been p re fe r r ed ,  s ince  i t  does  re f lec t  
a l l  pertinent design conditions of the bolt which will be used in service, 
Fur the r ,  data  c a n  readily be developed f o r  full s c a l e  bolts,  while obvious 
l imitatlons ex i s t  in determining yield s t rength  of parent  metal  coupons due 
to minimum coupon length requi rements .  Accordinsly,  f o r  purposes  of the 
Phase I1 Investigation, the design c lamp load c r i t e r i a  was  related to the 
Johnson 's  2/3 Approximate bolt yield s t rength .  
The Phase  I installation torque-tension study indicated that  a number  
of independent factors influence d i rec t ly  the torque-tension relationship 
Hole s i z e ,  nut design, ma te r i a l ,  and finish,  lubrication, bending, etc., 
all have a n  apparent  effect  on the torque-tension cha rac t e r i s t i c s  of a bolt 
s y s t e m .  In order to develop optimum data  under  the Phase I1 program,  
the test s tudy was l imited to determining s t a t i c  s t r eng th  proper t ies  of the  
test bolts, and developing 15-cycle installation torque-tension t e s t  da ta  
for bolts torqued f r o m  the nut end and the bolt head, Fu r the r ,  a l l  tests 
were  limited to the nominal bolt hole size, using the compression column 
load ce l l  and RBI read-out sys t em,  as the p re fe r r ed  s tandard .  
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TABLE 5. 
L IST OF PHASE I1 STRUCTURAL BOLTS INCLUDED IN INSTALLATION CYCLING 
TORQUE-TENSION PHASE OF TEST STUDY PROGRAM 




Bolt Part Number Thread Slze Type Bolt 
-- 
1/4-28 UNF-3A External 
5/16-24 UNF-3A Wrenching 
3/8-24 UNF-SA " 
1/2-20 UNF-3A I' 
1/4-28 UNF-SA 'I 
7/16-20 UNF-3A " 
1/4-28 UNF-3A " 
5/16-24 UNF-3A 
1/2-20 UNF-3A I' 
3/8-24 UNJF-3A External 
1/2-20 UNJF-SA Wrenchlng 
5/8-18 UNJF-3A 
1/2-20 UNJF-3A " 
1/4-28 UNJF-3A Hex Head, 
5/16-24UNJF-3A Long Thread 



























A -86 cres  Passlvato 
Silver Plate 




















BAC 830 LM4-2 1 
BAC B3OLM5-25X 
BAC B30LM8U35 
1103.2 A286 Cres 

















#10-32UNJF-3A 12-Pt Head 




5/8-18 UNJF-3A " 
3/4-16 UNJF-3A 'I 
7/16-20UNJF-3A " 
1/2-20 UNJF-SA " 
3/4- 16 U NJ F-3A " 
1/2-20 NS-SA 9-Spllne,Ext. 
3/4-16 NS-3A Wrenching 
AMS 6487 
Steel 
Vacuum Cad Platf EWBF 26-8-66 
EWBF 26-12-88 
No part number 
No part number 
758.4 5Al-2.5Sn 
Titanium 
Bare 1 /4-28 External 
~~ 


























1241.1 Cadmium Plate 
Cadmium 
Fluoborate Plate 
8740 steel 5/16-24UWF-3A External 






#IO-32 UNF-SA Hex Head 
1/4-28 UNF-SA " 
5/16-24 UNF-3A " 
3/8-24 UNF-3A 
7/16-20 UNF-3A " 
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L IST OF MATING SELF-LOCKING NUTS USED IN PHASE I1 TORQUE-TENSION TEST PROGRAM 
Self-Locking Nut Thread Size 
I /  
Part Number 
- 
















































Dry F i lm  Lube 
Dry F i lm  Lube 




BAC B30MT tSeries ~~~~ ~ Spline Drive 12-Point D ry  F i lm  Lube Dry  F i lm  Lube Maraging Steel 300 AMS 6304 Steel 
AMS 6322 
Steel 





Cadmium Plate Hexagon 8740 Steel 
i2-Point I A M s  6304 I Dry F i lm Lube 
12- Point AMS 6304 Dry F i lm  Lube 
12-Point AMS 6304 Dry F i lm  Lube 
12-Point AMS 6304 Dry  F i lm  Lube 






Dry F i lm  Lube 








2024-T4 Al .  






I /  
2/ 
EWNF 26 Series 9 Spline Drive nuts incorporate UNF-3B Modified thread per MIL-S-8879. 
For  nuts supplied with d ry  f l lm lubricant, the lubricant was identified as being applied over 
p r i o r  cadmium plate finish. EWNF 26 Series nuts cadmium plated per QQ-P-416, Type 11, 
Class 3 .  
accordance with AMS 2410. Aluminum alloy nuts were anodized per MIL-A-8625. 
- 
- 





FIGURE 44. RDll1-4008 AND RDl l l -4009 SERIES A286 CRES BOLTS 
AND MATING NUTS 
FIGURE 45. BAC B30LM AND BAC B30LE SERIES A286 CRES BOLTS 
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The l i s t  of test bolts used for the Phase I 1  torque-tension test pro- 
gram is noted in Table 5. Test bolts included Specimen Groups A, 6, 
C, H, G, L/, M, and D. Additional sizes from Specimen Groups T, U, 
and S were also included to supplement and complement the test data 
generated for these specimen groups under the Phase I investigation. 
The l i s t  of mating test nuts used in the Phase I1 torque-tension test 
program is noted in Table 6 ,  All nuts were of the self-locking design 
normally intended for service application with the specified bolt series 
In addition, special spline drive nuts were included to obtain compara- 
tive performance data for  Specimen Group A, 6 ,  and H sertes bolts. 
Test Fasteners 
A286 CRES Tenston Bolts. Test bolts fabricated from A286 CRES 
were represented by Specimen Groups A, B, and C. Although the pri- 
mary tnterest was the study of 1379.0 MN/m2 (200 KSI) strength level 
bolts, three sizes of bolts in the 1103.2 MN/m2 (160 KSI) strength level 
were included for  comparative evaluation under Specimen Group C. 
Specimen Group "A" bolts fabricated from A286 CRES conformed 
to Rocketdyne Standards RD111-4008, RD111-4009, and RD111-4012. 
Bolts were of the external wrenching head configuration and incorporated 
Class UNF-3A threads per MI L-S-7742. Minimum room temperature 
tensile strength was noted at 1370.0 MN/m* (200 KSI), although the 
standard drawing reflected separate strength requirements for  Lnspectlon 
and design cri teria. Test bolts were furnished in three finish conditions 
including clean and passivate, si lver plate, and dry film lubricant. 
Representative Specimen Group "A" bolts are illustratea in Figure 44. 
Specimen Group "E?" bolts were also of the external wrenching head 
configuration conforming to Boeing Standard BAC E330LE. The bolts were 
rated at 1379.0 MN/m2 (200 KSI) minimum ultimate tensile, with specific 
minimum tensile load values referenced in Boeing Part Specification 
BPS-F-69. Threads were specified as Class UNJF-3A per MIL-S-8879. 
Test bolts were furnished with both a passivate finish, and a cadmium 
plate per QQ-P-416A, Type 11, Class 3. Representative BAC B30LE 
Series bolts are illustrated in Figure 45. 
Group "C" bolts fabricated from A286 CRES were close tolerance, 
long thread, hex head bolts rated at 11 03.2 MN/m2 (160 KSI) minimum 
tensile strength, in accordance with Boeing Standard BAC B30LM. 
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FIGURE 46. EXTERNAL WRENCHING HEAD 1516.8 MN/m2 BOLTS 
FABRICATED FROM H-11 STEEL 
FIGURE 47. 9-SPLINE BOLTS AND NUTS, AMS 6304 STEEL BOLTS, 
84 AND PLI WASHERS 
Specific performance and strength requirements were also reflected 
in Boeing Specification EPS-F-69. 
Class UNJF-3A in accordance with MTL--S-8879. Test bolts were 
furnished Nith a passivate finish, and with cadmium plate per QQ-P- 
416A, Type 11, Class 3, 
Illustrated in Figure 45. 
Bolt threads were specified as 
Typical Specimen Group "C" bolts are 
H-11 Steel Tension Bolts. Bolts fabricated f rom H-11 steel and 
heat treated to develop a minimum tensile strength of 1516.8 MN/m2 
(220 KSI) were identifled as Spectmen Group "H". All bolts were of the 
12-point external wrenching head conflguration and were  intended as 
tension, fatigue rated fasteners. Test bolts conformed to Voi-Shan 
Standard VS2201, Lockheed-Georgia Standard STSBG002, and Boelng 
Standard BAC B30MT. In a l l  cases, threads conformed to MIL-S-8879, 
Class UNJF-3A. Test bolts incorporated three finish conditions, in- 
cluding vacuum cadmium plate, dlffused nickel-cadmium plate, and cad- 
mium fluoborate plate. Representative H-11 steel bolts are illustrated In 
Figure 46. 
AMs6487 Steel eolts. For  special comparative study under this pro- 
gram, tvvo sizes of Nine-Spline drive external wrenching tension bolts fa- 
bricated f rom AMs6487 steel were included as Spectmen Group %". The 
bolts, which conform to Standard Pressed Steel Standard E W B F  26, were 
designed to develop a minimum tensile strength of 1792.6 MN/m2 (260 K S I ) .  
The bolts incorporated an asymmetric thread per Specificatton SPS-T- 
282. A l l  bolts were fbrnished with a vacuum cadmium plate finish per 
MIL-(2-8827, Type I ,  Class 2. 
ration used on the bolts represented a development by the Standard Pressed 
Steel Company. 
spline drive sockets were furnished. Specimen Group "G" bolts, illus- 
trating the design configuration, are shown in Figure 47. 
The nine spline drive wrenchlng configu- 
To permit  torquing of  the bolts and mating nuts, nine 
5A1-2.5 SN Titanium Alloy Tension Bolts. Two sizes of external 
wrenching head bolts fabricated f rom 5Al-2.5 SN (ELI) titanium alloy 
were submitted directly by NASA fo r  evaluation under this project. It 
was indicated that the bolts were experimental parts, and were not identl- 
fled by part number. They were designated as Speclmen Group '% ". In- 
formatlon f rom NASA further indicated that the minimum tensile strength 
requirement fo r  these experimental fasteners was predicated on 758.4 MN/m2 
(1 10 KSI). The l imited number of test fasteners were all furnished in the 
bare condition. Representative Specimen Group ''V" fasteners are lllustrated 
ln Figure 48. 
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FIGURE 48. SPECIAL 5A1-2.5Sn (ELI) TITANIUM ALLOY, AND 
AMS 6304 BOLTS 
FIGURE 49. AN 3 SERIES 2024 ALUMINUM ALLOY HEXAGON HEAD 
86 AIRCRAFT MACHINE BOLTS 
AMs6304 Stee l  Bolts. 12-point head bolts fabricated f rom AMs6304 
s t ee l  w e r e  nominally ra ted at 1103.2 MN/m2 (160 K S I )  tensi le  s t rength .  
Five sizes of AMs6304 s t ee l  bolts were  included and identified as Speci- 
men Group "M" . T h r e e  of the sizes conformed to Mili tary S tanda rds  
MS93 16, MS9208, MS9209. 
as Class UNJF-3A p e r  MIL-S-8879, 
dtffitsed nickel-cadmium plate finish.  The remaining two sizes of AMs6304 
s t ee l  bolts w e r e  identified as Pratt & Whitney Ai rc ra f t  pa r t  numbers .  How- 
ever, the applicable Pratt & Whitney s tandard drawings f o r  these  f a s t ene r s  
to pe rmi t  identification of performance requi rements  w e r e  not made  avail- 
able .  
cadmium plate. Typical Specimen Group "M" bolts are il lustrated in 
F igu res  47 and 48. 
For these f a s t ene r s ,  t h reads  w e r e  specified 
Test bolts were  furnished with a 
The ftnish on the PWA bolts though appeared to be diffused nickel- 
Alloy Stee l  Tension Bolts.  Under the Phase  I investigation, 12-point 
external  wrenching head bolts fabr icated f rom AIS1 8740 alloy s t ee l  and 
conforming to the M S  21250 Standard w e r e  extensively evaluated as Speci-  
men Group 'IS'': To provide additional comparison f o r  this  c l a s s  of bolt, 
th ree  sizes of comparable  external  wrenching bolts conforming to Coeing 
Standard BAC e30FD were  included. 
tion and function to  the M S  21250 series, being intended as a high fatigue 
s t rength  s t ruc tu ra l  fas tener .  
al loy steel and furnished with a cadmium fluoborate plate p e r  Spec .  NAS 672, 
Threads  conforming to  c l a s s  UNJF-3A p e r  Spec .  MIL-S-8879. 
w e r e  designed to develop a minimum ultimate tensi le  s t rength  of 1241.1 
The bolts w e r e  s i m i l a r  in configura- 
The bolts w e r e  fabricated f r o m  AIS1 8740 
The bolts 
wrurn2 (180 K S I ) .  
Aluminum Alloy Bolts.  Aluminum alloy test bolts were  of the hexagon 
head configuration conforming to the AN3 thru P.N20 s e r i e s ,  and were  
identified as Specimen Group "D" . 
aluminum alloy, and w e r e  designed to develop a minimum tensi le  s t rength  
of 427.5 MN/m2 (62 K S I ) .  All test f a s t ene r s  were  furnished with a n  ano- 
dized ftnish in accordance with Specification MI L-A-8625. 
conformed to c l a s s  UNF-3A p e r  Spec  MI L-S-7742. Representat ive Speci- 
men Group "D" fasteners are il lustrated in Figure 49,  
The bolts nere fabricated f r o m  2024-T4 
Bolt th reads  
Mating Test Nuts To develop the torque-tension data ,  self-locking 
nuts  commonly used with the various test bolt series w e r e  employed as 
the p r i m a r y  s t anda rds  F o r  selected bolt groups,  special  supplementary 
torque-tension tests w e r e  conducted using a l te rna te  configuration nuts  for 
the purpose of gaining comparat ive performance information. 
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For Specimen Group "A" bolts fabr icated f r o m  A286 CRES, bas ic  
test nuts  w e r e  of the 12-point configuration, and s i r r t l a r ly  fabr icated 
f r o m  A286 CRES.  The bas ic  nuts were  ftdrnished with a s i l d e r  plate 
fintsh in accordance  with AMS 2410. In addition to the basic n u b ,  tvvo 
s i z e s  of sp l ine  d r ive  nuts were  included f o r  study. The ex terna l  sp l ine  
Jvrenching e lement  conformed to the requi rements  of Mil i tary S tandard  
MS 33787. 
furnished with a d r y  f i lm lubricant f inish,  
The nuts were  fabricated f r o m  A286 CRES,  and w e r e  
The p r i m e  self-locking nuts used a i t h  tension rated bolts confarmed 
to Boeing S tanda rds  EAC NlOGW, and BAC NlOHR. 
of the 12-point configuration and fabricated f r o m  alloy s t e e l .  
w e r e  cadmium plated p e r  Spec .  QQ-P-416/3, c l a s s  3,  and supplied with 
a supplemental  d r y  f i lm lubricant ,  The BAC NlOGW n u t s  w e r e  ra ted  at 
1241 . ?  MN/m2 (180 K S I )  tensi le  s t rength,  while the PAC NlOHR nuts 
'were ra ted at 1516.8 MN/m2 (220 K S I )  tensi le  s t rength ,  and w e r e  destln- 
giiished by increased height over the EAC NlOGW standard .  Nut t h reads  
w e r e  Class UNJF-3B p e r  Spec .  MIL-S-8873. 
Both nut series w e r e  
The nuts  
The Spec imen Group "G" bolts w e r e  tes ted with spec ia l  mating 9- 
sp l ine  d r ive  external  wrenching self-locking nuts ,  as il lustrated in 
F igu re  47. The nuts w e r e  identified as being fabricated f r o m  AMS 6322 
(8740) steel. Nuts were  furnished with a cadmium plate finish p e r  Spec. 
QQ-P-416, Type 11, c l a s s  3 with a supplemental  non-dry (wax type) lub- 
r ican t .  Nut th reads  w e r e  c l a s s  UNF-3E modified p e r  Spec .  MIL-S- 
8879. 
For the experimental  Spec imen Group "D" t e s t  bolts,  self-locking 
Nuts w e r e  fabricated from 8740 s t e e l  
N u t s  w e r e  identified as being supplied with a cadmium 
nuts  w e r e  of the hexagon design.  
p e r  AMS 6322. 
plate  finish p e r  AMS 2400 plus a supplemental  th read  lubricant.  Nut 
t h reads  'were specified as class UMF-38 p e r  Spec.. MIL-S-8879. 
Three  types  of hexagon aluminum alloy nuts were  included for the 
torque-tension testing of the Specimen Group 'D" aluminum al loy bolts.  
Both all-metal design and non-metall ic in se r t  design self-locking nuts  
w e r e  t e s t ed ,  In addition, in the #lo-32, 1/4-28, and 5/16-24 s i z e s ,  
both s t anda rd  and high tens i le  a luminum al loy nuts w e r e  evaluated, All 
test nuts w e r e  anodized p e r  S p e c ,  MIL-A-8625, with the high tensi le  
nu ts  f u r t h e r  identified by a spec ia l  blue dye. Ndt th reads  w e r e  c l a s s  
UNf-3E p e r  Spec .  MIL-S-7742. Representat ive test nuts f o r  Spec imen 
Group "D" bolts are shown in F igure  49. 
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Preload Indicating Washers. The Phase I1 program was expanded 
to include special test study of two sizes of preload indicating (PLI) 
washers, vVhile this device i s  not designed for repetitive use, the wash- 
ers are intended to give indication of positive, predetermined value of 
clamp load when properly used in conjunction with a bolt-nut system. 
The preload indicating washers received for test consisted of two con- 
centric steel rings sandwiched between tNo close tolerance plain washers. 
The inner concentric r ing was smaller in diameter and higher than the 
outer ring. This system was intended for use under the nut. As the 
assembly is tightened due to torquing of the nut, the inner concentric 
r ing (which is higher) is compressed, and deformed into the plastic 
region, unti l the loose outer concentric ring is bound between the upper 
and lower plain washers. 
that a predetermined load has been developed in the bolt-nut assembly. 
The outer concentric r ing includes test holes at the edge of the r ing 
for inspection purposes, Ey inserting a pin in the test hole, determina- 
tion can be made whether binding has occurred in the outer ring, con- 
firming proper installation and upset of the preload indicating washer. 
The binding of the outer ring is Indicative 
The washers were identified as being fabricated from heat treated 
alloy steel and furnished with a cadmium plate finish. 
parts received are noted as follows: 
The specific 
Preload Indicating Bolt Size Nominal Induced 
Washer Load Rating 
Part Number mm (in) Newtons (pounds) 
PL I  4-4.3 E 0 3 5  1/4 19 130 4,300 
PLI 8-17.0 12.70 1/2 75 620 17,000 
The PLI 4-4.3 preload Indicating washers were Intended fo r  use on 
1241.1 MN/m2 (180 K S I )  strength bolts, while the PLI 8-17.0 were in- 
tended for  use on 1103.2 MN/m* (160 KSI) series bolts. Representative 
preload indicating washers are illustrated in FIgure 47. 
Static Strength Test Program 
The static strength test program was simi lar  to the Phase I study, 
and was intended to establish basic mechanical properties of the test 
fasteners. Bolt tensile and yield strength tests were performed on a l l  
bolts noted in Table 5. 
load-deflection curves were developed for each fastener. 







were used for establishing yield load by means of the Johnson's 2/3 
Approximate Method described ear l  Ler . 
a 400 HL' 1 779 200 Newton (400,000 lb) capacity Baldwin Universal 
tensile test machine, and the 533 760 Newton (120,000 Ib) capacity 
Baldwin B-T-E Universal tensile test machine previously illustrated 
tn Figure 6. 
The tests were conducted in 
Where bolt length and design permitted, double shear strength 
tests were conducted on the same bolts used for the static tensile 
strength evaluation. As with the Phase I investtgation, compression 
type double shear test fixtures were employed. Again, the center 
blade of the shear fixture was equal to the diameter of the bolt under 
test, while the thickness of each of the two side support blades was 
equal to one-half of the bolt diameter. The tests were conducted in 
the Baldwin Universal Tensile test machines, with a l l  tests carried 
to failure to develop the full rated shear strength of the test bolts. 
Reduced gage section bolt specimens were machined from test 
bolts which were long enough to lncorporate the gage lengths referenced 
in Figure 9. The reduced gage section bolt specimens were tested to 
develop yield strength, ultimate tensile strength, "/c elongation, and "/E 
reduction of area properties. 
were mounted across the reduced gage section to generate load-strain 
curves for subsequent determination of yield strength characteristics. 
Consistent with the Phase I investigation, yield strength was determined 
from the load-strain curve at 0.2% offset. "/c elongation was measured 
over a 4D (whem "0" = diameter) gage length. Reduction of area was 
based on the minimum diameter of the reduced gage section after test, 
as compared with the original diameter of the section. 
Snap-on type microformer extensometers 
Tomue- Tens ion Test Prw ram 
The bolt and nut combinations listed in Tables 5 and 6 were sub- 
jected to 15-installatton cycle torque tests. Torquing was accomplished 
both from the nut end and from the bolt head, with the same bolt-nut 
combination used for  the full 15-installation and removal cycles. 
testing objective was the development of induced tensile loads in the bolt 
equal to 90% of the bolt yield strength. 
The 
Following the approach of the Phase I investtgation, analysis was 
flrst made of the bolt static strength mechanical properties. Yield 
strengths determined from the Johnson's 2/3 Approximate Y ield Method 
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w e r e  evaluated, and BYS/BTS r a t lo s  representa t ive  of the bolt s e r i e s  
w e r e  establ ished.  Objectlve design c l amp  load values ,  as summar ized  
in Table 7, w e r e  then predicated on developing induced bolt loads equal 
to 90% of the EYS/RTS ra t io  times the minimum tensi le  load requlre- 
ment  f o r  the applicable test bolt. In turn,  installation torque values  
w e r e  programmed to approximate as c lose ly  as pract icable  the objective 
deslgn c l a m p  loads f o r  the t e s t  bolts. 
The  p r i m a r y  s e r i e s  of installation torque-tension tests w e r e  con- 
ducted in the compression column type Transduce r  Controls load ce l l s .  
Eecause  of relatively s h o r t  g r i p  length of available t e s t  bolts,  s o m e  
s a m p l e s  f rom Specimen Groups "A" and "T" listed in Table 5 w e r e  
evaluated using the LEC Force Washer  Sys t em.  
out of the s t r a i n  gage load c e l l s  was  made by means  of the REI S t ra in  
Indicator,  Routine calibration checks of both the load c e l l s  and the RBI 
unit w e r e  undertaken during the  cour se  of this pa r t  of the program.  
Stur tevant  and Snap-On type torque wrenches w e r e  employed, with 
t o r q u e  rate held at approximately four cpm.  
Monitoring and read- 
Torquing was accomplished in incremental  s t e p s  during each  in- 
s ta l la t ion cycle ,  with the induced c lamp load noted and recorded .  The 
fastener  under test was  subjected to the s a m e  increments  of torque for 
succeeding cyc les  through the 1 !%cycle evaluation. 
The Preload Indicating Washers  inclulded in this  phase of the program 
w e r e  tes ted fo r  one cyc le  only, s ince  the design of the device did not 
pe rmi t  repeti t ive u s e .  
Controls load ce l l s ,  and the LEC Force  Washers ,  as il lustrated in 
F igure  50. 
nut. 
evaluation of the two s i z e s  of PLI washer s .  
Check tests wcre  made in both the Transducer  
In a l l  cases, the PLI washe r s  w e r e  positioned under  the test 
Specimen Group "3" bolts w e r e  utilized in performing the t e s t  
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T E S T  RESULTS AND DISCUSSION - PHASE I1 
General  
The test da ta  developed under  the Phase  I 1  Torque-Tenston Test 
P r o g r a m  i s  presented in Appendix C.  
study, a l l  static test s a m p l e s  were  assigned the l e t t e r  "S " ,  while those 
spec imens  subjected to installation torque testing were  assigned the 
designation I' TI'. 
Consistent with the Phase I 
S ta t ic  Strength Test Data  
Bolt Tensile Strength Resul ts .  The r e su l t s  of the static ul t imate  
tens i le  s t rength  tests of the bolts included in the Phase  11 p rog ram are 
noted in Tables L IIA, V I I I A ,  IXA, XA, XIA, XI1 A, XI11 A, XIV A, 
X V  A, X V I  A, XVII A, XVIII A, and XIX A .  
The data  indicates that with the exception of the BAC B30LM8U35 
bolts (Table N o .  XIV A), a l l  f a s t ene r s  m e t  and/or exceeded the mint- 
mum tensi le  s t rength  requi rements  referenced tn the applicable pro- 
cu remen t  spectfications or  s tandards .  Ultimate tensi le  fa i lures  w e r e  
observed in the bolt t h reads .  In a l l  cases , the tensi le  stress areas 
specified f o r  the respect ive bolt s e r i e s  w e r e  used in calculating the 
equivalent stress rat ings.  
Although the BAC B30LM8U35 bolts did not meet the minimum 
tensi le  strength values  established in Boeing Speclfication BPS-F-69, 
the fa s t ene r s  were  included in the p rogram to develop comparat ive 
per formance  da ta  
Bolt Yield S t rength  Resul ts .  The r e su l t s  of the Johnson's 2/3 
Approxtmate Method yield s t rength  tests are presented tn Tables  
L'II B, VI11 B, IX B, X B, XI e, XI1 B, XIIIB, XIV B, XV B, X V I  8,  
X V I I  8, XVIIIB, and XIX E. 
Based on the determination of the full s c a l e  bolt yield s t rength ,  
the ratio of the test yield stress to the ul t imate  stress f o r  the s a m e  
fa s t ene r  has a l s o  been l tsted on the applicable tables .  
ana lys i s ,  the ra t io s  f o r  the individual bolt s i z e s  are relat ively 
uniform, although the ratios f r o m  one s i z e  to another  within the s a m e  
Specimen Groups show vartation. I t  would appea r  that  a m o r e  exten- 
s i v e  s ta t i s t ica l  sampling represent ing l a r g e r  numbers  of different 
lots of the s a m e  bolt s e r i e s  would be needed to define a cha rac t e r i s t i c  







Recognizing the limitattons of the test data ,  and yet recognizing 
the preference  f o r  utilizing yield s t rength  determined f r o m  full s c a l e  
bolts,  ce r t a in  concessions w e r e  made in order to take advantage of 
the da ta  developed. Review of the data  was  made,  and a r b i t r a r y  
decision was  reached in establishing a unit yield-to-ultimate r a t i o  
for each  bolt s e r i e s .  Attempt was  made to reflect  the r a t io  on the 
conservat ive s ide ,  to account f o r  potential marginal ,  but acceptable 
f a s t ene r s  manufactured to the respect ive s tandards .  The ratios 
establ ished are noted as the BYS/BTS Ratio, and are included in 
Table 7. The definition of the BYS/BTS Ratio in turn  permit ted the 
establ ishment  of the Objective Design Clamp Load Values  f o r  each  
bolt s e r i e s  on a uniform bas is .  
Bolt Double S h e a r  S t rength  Resul t s .  The  r e su l t s  of the double 
shear s t rength  tests conducted under  this  phase of the p rogram are 
summar ized  in Tables  VI1 Cy  VIII  C y  X C, XI C y  XI1 C, XI11 C, XIV C y  
X V  C, X V I  C,  X V I I  C y  and XIX C ,  
As with the comparable  da t a  presented in the Phase I study, th i s  
da ta  i s  submitted f o r  information only,  While the test r e su l t s  indicate 
a genera l  abil i ty to mee t  ra ted s h e a r  s t rength  requi rements ,  s e v e r a l  
f a s t ene r s  exhibited below minimum s h e a r  s t rengths ,  although s t a t i c  
ul t imate  tens i le s t rength  proper t ies  w e r e  acceptable  Typical examples  
w e r e  MS 21250H05028 (Table No. VI1 C), STSBG002A05U16 (Table No. 
X1. C I), and EWBF26-12-88 (Table No. XVI C),  
The da ta  conf i rms  the necessity f o r  independently checking s h e a r  
strength proper t ies  of finished bolts,  and not m e r e l y  accepting the 
fasteners on the bas i s  of tens t le  test r e su l t s  or hardness  readings.  
More  significantly, as discussed in the Phase  I evaluation, a m o r e  
detailed s tudy of s h e a r t o - t e n s i l e  s t rength  proper t ies  should be con- 
s ide red  f o r  newer bolt ma te r i a l s  to de termine  what s h e a r  s t rength  
values  can  be guaranteed in production, r a t h e r  than accepting the 
tradit tonal approach of shear s t rength  being 60% of the rated tensi le  
s t rength .  
Bolt Reduced Gage Section Test Resul ts .  The r e su l t s  of the yield 
and tensi le  s t rength  tests of the reduced gage sect ion bolt spec imens  
included in the Phase I 1  program are noted in Tables  VI1 D, CIII  D, 
XI1 D,  XI11 D, XV D, W I  D, %I1 D, XL'III  D, and XIX D. 
This  test data  i s  presented f o r  information only, s ince  i t  was 
tndtcated e a r l i e r  that  p r i m e  re l iance  for select ion of bolt yield 
s t rength  proper t ies  would be based on the Johnson 's  2/3 Approximate 
Method. 
yield s t rength  as determined by the Johnson 's  Method and the reduced 
The additional da ta  however does  confirm the variation of 
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gage sect ion parent  mater ia l  coupon. For high s t rength ,  ae rospace  
type bolts,  cor re la t ion  of mater ia l  yield s t rength  cha rac t e r i s t i c s  with 
full s c a l e  bolt yield s t rength  proper t ies  should be subjected to more 
intensive investigation. The problem appea r s  to involve two areas. 
F i r s t  i s  the cor re la t ion  of a tensi le  stress area f o r  the bolt thread 
which will correspond to comparable  area f o r  the reduced gage section 
ma te r i a l  coupon in o r d e r  to define both ult imate and yield s t rength  
values .  Second, and perhaps more involved, are those new types of 
ma te r i a l s  which achieve mechanical proper t ies  in p a r t  by means  of 
p r i o r  cold working of the ma te r i a l .  The tests conducted, par t icular ly  
with A286 CRES, sugges t  that  f o r  this c l a s s  of ma te r i a l ,  there  may  
be differences in ma te r i a l  p roper t ies  due to the work hardening effect. 
While it is recognized that reduced gage sect ion coupon tests have been 
widely used in industry,  i t  would appear  that some discret ion should be 
exerc ised  in evaluating such  test da ta  for special ized ae rospace  type 
bolts. 
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While this  phase of the p rogram w a s  concerned with development 
of torque-tension da ta  f o r  design use ,  the additional combinations of 
bolt ma te r i a l s ,  f inishes ,  and nut configurations provided bas i s  for 
hrther evaluation of these proper t ies .  In par t icu lar ,  Specimen 
Groups "A I' and "D" contributed unique additional information. 
' 0  Under Specimen Group "D", the s a m e  lot of bolts w e r e  tested 
Elongation and Reduction of A r e a  Test Resul ts .  The r e su l t s  of 
the elongation and reduction of area property tests conducted on the 
reduced gage sect ion bolt spec imens  are summar ized  in Tables  VI1 E, 
VI11 E, XI1 E, XI11 E, XV E, x \ / I  E ,  XVII E,  XVIII  D,  andXIX E. 
Th i s  da ta  i s  presented f o r  information only. 
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Torque- Tens ion Test Data 
Resul t s  of the 15-cycle installation torque-tension tests conducted 
from both the nut and the bolt head end are presented in Tables  VI1 F, 
VI11 F, I X  C ,  X D, X I  D, XI1 F, XI11 F, XIL' D, X V  F, X V I  F, X V I I  F, 
XL.111 E, and XIX F. 
The overal l  evaluation of the var ious  combinations of bolt ma te r i a l s ,  
configurations, and s i z e s  indicates that installation torque values  de- 
signed to develop objective design c l amp  loads are valid only for the 
lnttlal installation a s sembly  of the fa s t ene r  s y s t e m .  Repeated u s e  of 
the s a m e  bolt-nut combination general ly  r e su l t s  in significant loss of 
c l a m p  load, with pronounced deter iorat ion thru  1 5  cycles. 
observat ions were  noted during the Phase  I investigation. 
S i m i l a r  
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using three different types of aluminum alloy approved self-locking 
nuts. The nuts were of the all-metal and nylon insert configurations. 
In the case of Specimen Group "A", A286 CRES bolts were krnished 
with si lver plate finish, dry film lube, and passivated. 
nuts used for  these bolts were fabricated from A286 CRES, and were 
a l l  s i lver plated, 
The basic test 
The data for the aluminum alloy Specimen Group 'ID" bolts indicated 
considerable variation of bolt clamp load properties as influenced by the 
different nut styles. 
with the all-metal nut designs to develop essentially the same clamp 
loads, as compared with the nylon insert self-locking nuts. 
of the study emphasized the sensitivity of nut design on the overall p e r  
formance of the mating bolt. 
Slightly higher installation torques were required 
This area 
The tests of the A286 CRES Specimen Group "A" bolts supplied 
wtth different finishes simi lar ly indicated varying results using the same 
series locknuts. 
nut system. Of special interest was the series of tests conducted with 
the RD 1 1  1-4008-6824 bolts furnished with a dry f i lm lube finish, and 
the VN 4656080 nuts furnished with a s i lver plate finish. 
of other fasteners indicated that higher installation torques could be 
expected when torquing from the bolt head. With these fasteners how- 
ever, substantially lower torques were required torquing from the bolt 
head. 
to provide beneficial lubrication characteristics, while the same effect 
was not realized torquing the si lver plated nut on the bolt threads and 
against its mating washer. 
Torque-tension properties were unique for each bolt- 
Pr ior  testing 
The dry film lube on the bolt head acting on the washer appeared 
Silver plating, as used pr imari ly on corrosion resistant steel nuts, 
proved to be a poor lubricant. It is  realized though that si lver plating 
i s  of value for  use in high temperature applications, where other satis- 
factory o r  practical lubrication systems have as yet not been found. 
However, the mating of si lver plated nuts on si lver plated bolts was an 
extremely poor combination, and should not be considered for serious 
structural applications, The data suggests that one of the two fastener 
elements, i . e . ,  either the bolt o r  the nut, can be si lver plated in  a 
corrosion resistant steel fastener system, but not both. 
The various steel bolts included in the study were furnished with 
cadmiurn plate per QQ-P-416, Type 11, Class 3, cadmium fluoborate 
plate per NAS 672, and dtffised nickel-cadmium plate per AMS 2416. 
The different cadmium plate finishes generally exhibited an ability to 
hold up thru 15 installation cycles, although dtstinctions In lubrication 
effect (i.e., coefficient of friction) were observed. 
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F r o m  the tests conducted, there  were  indications that the diffused 
nickel-cadmium plate provided good lubrication and desirable  torque- 
tension propert ies  in the bolt. The cadmium fluoborate plate initially 
developed the induced c lamp load, but a s h a r p  drop-off was noticed 
with subsequent use  of the s a m e  bolt. The curve  appeared to level off 
with repeated use  thru 15-cycles. The cadmium plated bolts per QQ- 
P-416, Type 11, Class  3 continued to lose clamp load capability with 
repeated u s e ,  Of interest  were  the s e r i e s  of tests conducted with the 
M S  21250-07032 cadmium plated bolts p e r  QQ-P-416 (Table No. VI1 F), 
and the BAC E30MT7-26 cadmium fluoborate and EAC 830MT7T32 
diffused nickel-cadmium plated bolts (Table No. X1/ F). All bolts in- 
corporated a 7/16-20 UNJF-3A thread. 
07032 bolts, representing a lower s t rength level, required a higher 
installation torque to develop the design clamp load for th i s  par t icular  
s i z e .  
the BAC 630MT7T32 diffused nickel-cadmium plated bolts, using test 
nuts of essent ia l ly  the s a m e  design, and furnished with a d r y  fi lm lube 
over cadmium plate finish. 
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The cadmium plated M S  21250- 
By comparison, the lowest installation torque was observed with 
In addition to the var iables  associated with the test bolt and test 
nut, the 15-cycle torque-tension program indicated evidence of major  
galling of the mating washe r s  after repeated use.  The washers  em- 
ployed in the study were  of the MS 20002 and AN 960 designs,  fab- 
ricated f rom s tee l  and cadmium plated per QQ-P-416. The most  
s e r i o u s  area of galling was  observed on the washer  under the element  
being torqued, i . e . ,  e i ther  under the nut, or under the bolt head. 
Depending on the extent of the design objective clamp load, s o m e  minor  
coining and/or extrusion of the test washer  was  a l s o  noticed. 
galling of the washer  contributed to s o m e  degree  to the detraction of 
the applied torque to develop c lamp load, and consideration should be 
given to speciwing the use  of new mating washers  when replacing the 
fas tener  'system. 
development of s tandards  for compatible washe r s  are considered to 
be of pr ime importance. 
e 
The 
Fur ther ,  fo r  high s t rength,  high performance bolts, 
Results of the torque-tension tests conducted on the Preload 
Indicating Washers  (PLI) are noted in Table X X .  The published data 
f o r  the specific pa r t  numbers  tested indicated a tolerance range for 
induced c lamp load coincident with collapsing of the inner washer .  
The resu l t s  of the tests indicated that developed clamp load was  on the 
low s ide  of the tolerance range f o r  the two s i z e s  evaluated. Collapstng 
of the inner concentric ring was observed within a c lose  torque range, 
with inspection confirming the binding of the outer  r ing,  indicative that 
performance of the PLI washer  sys t em had been achieved. Inspection 
of the sys t em was  c r i t i ca l ,  s ince  it was  noticed that the PLI washer  0 
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could eas i ly  be o v e r t o r q u e d  beyond the 'binding condition', giving an  
erratic indication of c lamp load, based on the design intent of the 
sys t em.  While the PLI washer  sys t em was  determined to be functional , 
more extensive evaluation including different lots of the s a m e  pa r t  
numbers  Jvould be needed to determine the ability to consistently develop 
uniform c lamp load propert ies  within a close tolerance range. The p e r  
missible  range of minimum to maximum induced load ratings published 
for the PLI washers  could resu l t  in actual c lamp loads approximating 
65% to 90% of the bolt yield s t rength.  For applications requiring spec- 
ial control of torque-tension propert ies  , pr io r  screening and selection 
of preload indicating washe r s  may be needed to specifically match the 
intended design c lamp load values. 
Duplicate tests of the preload Indicating washe r s  w e r e  performed 
using the Transducers  Controls load ce l l s  and the LEC Force Washers  
for measurement  of induced clamp loads. The data  indicated correla-  
tion of torque values to achieve binding of the PLI washers  in both load 
cel l  test sys t ems .  
indicated higher, and uniform readings with the compression column 
Transducers  Controls load ce l l s .  
However, corresponding measurement  of c lamp loads 
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CONCLUSIONS AND RECOMMENDATIONS 
The comprehensive program to s tudy installation c r i t e r i a  for 
mechanical f a s t ene r s  indicated that a number of independent factors 
have a d i r e c t  bearing on the developed torque-tension proper t ies  of 
ae rospace  bolt-nut s y s t e m s .  The many var iab les  involved in the manu- 
fac ture  and application of the f a s t ene r s  make it difficult to isolate any 
one var iab le  as the dominant influence in the s y s t e m ,  Also,  the ob- 
s e r v e d  interrelationship of the  var iab les  indicate the necessi ty  to 
empir ical ly  d6termine torque-tens ion cha rac t e r i s t i c s  for specif ic  
ae rospace  bolt-nut-washer fas ten tng s y s t e m s .  
At present ,  the application of torque i s  the widely used technique 
to achieve and induce c l amp  load in threaded mechanical f a s t ene r s .  I t  
r ep resen t s  a general ly  common and pract ical  s y s t e m  in the ae rospace  
lndustry.  
should be  recognized by the u s e r ,  including, of cour se ,  the necessi ty  
for maintaining torque wrenches in cal ibrat ion.  For genera l  s t ruc tu ra l  
application, the establ ishment  of installation torque tables i s  feasible,  
but should be  related specifically to the bolt s e r i e s  and finish,  the design 
c l a m p  load objective as a percentage of yield s t rength ,  and the intended 
mating nut s ev ie s .  
However, s o m e  vital l imitations in using torque control  
0 
The test program indicated that torque- tension relationships for 
threaded mechanical f a s t ene r s  are valid f o r  the initial installation only. 
Repeated u s e  of the s a m e  bolt-nut-washer a s sembly  r e su l t s  in loss of 
c l amp  load, with as much as 50% of c l amp  load los t  after 1 5  installation 
and removal  cyc les .  
Substitutibn of a new nut on the s a m e  bolt approximated the ortginal 
c l amp  load obj,ective, observing the installation torque specified f o r  the 
lnittal assembly .  
Torquing f rom the bolt head general ly  required m o r e  torque to 
achieve design c l amp  load than when torquing the same fa s t ene r  s y s t e m  
f r o m  the nut end. 
load proper t ies  as affected by bolt length, but i t  i s  not considered pract- 
lcal  to distinguish s tandard  installation torque tab les  by bolt length 
without further* detailed study. 
The re  was  an  indication of var ia t ion in bolt c l amp  
The  investigation of the influence of bolt hole s i z e  indicated a def- 
inite effect on the torque-tension proper t ies  of the s a m e  bolt-nut s y s t e m .  
The da ta  sugges ts  that t h e r e  may be an  optlmum hole s i z e  which will 
develop maximum c lamp  load f o r  the  same installation torque using the  0 
1 00 
same fastener system. In the tests conducted, maximum clamp load 
was achieved in holes which were approximately 0.127 mm (0.005 in.) 
larger than the basic bolt diameter. 
Addition of supplemental thread lubricants, such as thread compound 
per MIL-T-5544, and wet zinc chromate per MIL-P-8585, dramatically 
affect bolt-nut torque-tension properties. 
should be used wi th  care, and only under known controlled conditions. 
Installation torque-tension tables should be based on assembly of the 
mating fasteners under dry  conditions, using only the lubricant finishes 
and platings normally specified for  the bolts, nuts, and washers. 
Supplemental lubricants 
The program indicated that nut design and style also tended to in- 
fluence torque-tension properties in the bolt. 
nut size and type, variations were noted in the prevailing torque char- 
acteristics of 'the test self-locking nuts. Due to the great quantities of 
fasteners in common use, it is not considered practical to set up 
Installation torque tables based on a separation of prevailing torque 
and clamp load torque values. 
include expected prevailing torque values, recogntzlng the contributing 
effect of other variables in the use of mechanical fasteners. 
Further, within the same 
Design tnstailation torque values should 
rests mder  art i f ic ial ly induced bending were limited to 3". Bend- 
tng may be particularly cr i t ical for  low modulus materials such as 
titanium alloys, and for larger l iameter slze bolts. 
tables should be applicable only for  perpendicular, straight hole con- 
nections. 
Torque-tension 
Under the installation torquing conditions investigated, the various 
FOP 
designs (I .e. , hexagon, 12-point, and spline drives) exhibited an 
ability to develop the required torques without evidence of failure. 
lower strength fasteners, hexagon drive system was suitable. 
higher strength series fasteners, higher torque capability wrenching 
systems, such as the 12-point o r  spline drive, should be employed. 
While the evaluation of the several spline drive wrenching systems was  
llmited, a l l  configurattons worked satisfactorily with their mating 
spline drive wrench sockets. 
tems, more consistent performance was expertenced with mating 12- 
point wrench sockets. 
wrench socke'ts which were furnished with a chrome plate finish. 
A significant part of the fastener system includes the mating 
For  the 
For the hexagon and 1 2-point drive sys- 
However, ultimate failures were observed with 
washers used under the bolt head and under the nut. Under repeated 
use, severe $ailing of washers was observed. Also, extrusion and/or 
coining of washers of the MS 20002 series was noticed when used with 
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I bolts. Both conditions were  considered to have affected 
propert ies  of the fastener  sys t ems ,  and indicate the 
substitutlng new mating washers  when conditions war ran t  
E? bolt and/or nut. 
lation cycling torque-tension tests indicated that the 
Le clamp load relationship was  essent ia l ly  proportional 
t bolt yield strength. Assuming this  relationship f o r  
>ses, data developed to 90% of yield p e r  NASA c r i t e r i a  
lonally reduced to establish installation torque recommend- 
I developing induced clamp loads at a lower percentage of 
rgth . 
;ive support  s ta t ic  testing of the bolts evaluated under 
qdicated that correlat ion was  not re1 table between full 
th propert ies .  Definition of bolt yield s t rength i s  of 
ce, s ince  induced clamp load propert ies ,  in turn,  are 
the bolt yield charac te r i s t tcs .  
reduced gage section mater ia l  bolt coupons wlth respec t  
tatlc tensile s t rength data indicated an ability of the full 
neet  minimum spec tfied tensile s t rength requirements  
Decit'ications or s tandards.  However, overall  correla- 
mate  and mater ia l  coupon ult imate s t rengths  was  lack- 
Dn of different tensile stress area s tandards  to the var- 
3 vvas a major  factor  in determining actual tensile 
s for the bolts. In addition though, s o m e  of the bolting 
lop mechanical propert ies  in pa r t  by means of work 
:t, while o ther  mater ia l s  are direct ly  responsive to . Although s i m i l a r  in design and finction, the data in- 
?sideration and application of bolts be undertaken on an 
3 .  
Dle s h e a r  s t rength tests conducted on the various bolts 
'a1 different s amples  failed to meet  minimum s h e a r  
i, while s t i l l  meeting or exceeding tensile s t rength ratings.  
deration of s h e a r  s t rength predicated on 60% of tensile 
1 be examined in more detail  f o r  high performance aero- 
id especlally fo r  newer mater ia l s  being introduced for 
attons.  
he program conducted, the following specific recommend- 
n i tted : 
1 . Proposed installation procedure and torque-tension values  for 
mechanical f a s t ene r s  designed to develop c l amp  loads approximating 
90% of bolt yield s t rength  are summar ized  in Appendix D. 
ation f o r  the u s e  of the proposed torque-tension tables should be 
limited only to the initial application of new bolts and mating nuts.  
i s  recommended that f o r  the installation torques  noted, a tolerance 
range of No/, t p  -5% be applicable.  
genera l  s t ruc tu ra l  applications,  consideration be given by NASA to 
establishing as a design criteria, the development of bolt c l amp  loads 
based on 80% of the bolt yield s t rength .  
C o n s i d e p  
I t  
I t  i s  f u r the r  recommended that  for 
2. SpeciFy the u s e  of a new mating nut and w a s h e r s  where  r e u s e  
o r  maintenance of s t ruc tu ra l  bolts are required.  
replating or  reprocess ing  removed nuts  should be investigated to take 
full advantage of otherwise usable per formance  cha rac t e r i s t i c s  of 
the pa r t s .  
The feasibil i ty of 
3 .  Develop new improved s t anda rds  for mating washe r s  intended 
f o r  u se  with high performance s t ruc tu ra l  bolts.  Consideration should 
be given to mater ia l  and finish requi rements  of the washe r s  to a s s u r e  
compatibility with the threaded f a s t ene r s .  
4. Develop a s tandard  or common test procedure f o r  the def- 
inition of bolt yield s t rength,  based preferably on the evaluation of 
full s c a l e  bolts.  
5 .  Investigate the practicabili ty of adopting uniform tensi le  stress 
bolt areas for future  bolt s tandards  contemplated by NASA, which will 
be observed both by NASA and Cont rac tors ,  
6 .  Explore possible revis ions to  nut performance specifications , 
such  as MIL-N-25027, to ref lect  m o r e  d i rec t ly  usage application 
c r i t e r i a  as encountered in installation torquing. 
vailing torque lapproval testing f o r  1 5  r e u s e  cyc les  under  no-load con- 
dit ions cur ren t ly  noted in MIL-N-25027 should b e  examined in light of 
the installation data  developed under  th i s  p rogram 
The concept of pre- 
7 ,  Undertake additional test s tudies  to develop and u p d a t e  
s tandard  bolt-nut torque-tension da ta  f o r  s tandard  f a s t ene r s  now in 
u s e  by NASA. Fur the r ,  i t  is recommended that  par t icu lar  emphas is  
be placed on developing valid torque-tension da ta  supporting the u s e  
of new high performance and high tempera ture  bolts fabricated f r o m  
mate r i a l s  such  as I N C O  718, 17-4PH CRES,  Rene 41 , PH13-8MoY etc, , 
as well as Refractory Alloys intended f o r  application in advanced or  
future s p a c e  pro jec ts .  
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ake  investigation s tudy of torque-tens ion proper t ies  of 
s ta l led  fasteners, such  as riveted self-locking plate 
led in se r t s ,  where  bolts are normally torqued from the 
h investigation to es tab l i sh  reliabil i ty life of the fasten- 
s e d  on potential l o s s  of c l amp  load capabili ty of 
s ta l led f a s t ene r s .  
ga te  and develop torque-tens ion relationships f o r  the 
.orqued exclusively f r o m  the head end, s u c h  as f lush 
1 bolts incorporating var ious  recess d r ives .  
posed torque-tens ion test procedure f o r  routine eval- 
mica l  f a s t ene r s  by NASA i s  presented in Appendix E, 
J C ~  future  investigations to study or  develop improved 
ng induced c l amp  loads in mechanical threaded f a s t ene r  
.ly, rather than r e ly  on the application of torque as a n  










Porogroph 3-10 AN 01-1A-8 
TABLE XXXII-RECOMMENDED TORQUES 
CAUTION 
THESE TOROUE VALUES ARE DERIVED FROM 
OIL FREE CADMIUM PLATED THREADS. 
FINE THREAD SERIES _ -  ___ _. - -. . -~ 
w),OOo PSI In 80th 
AN365 end AN310 
(a M Column 4) 
AN344 ond ANI20 Tension Type Nuts 
AN365 and AN310 
Shear Type Nuts 
AN364 ond AN320 
Nuts N u r S  
Top Size 
utrd nith s r t f  l ock ink  nuts. T h e  Ict tcr  "11" i s  inserted 
n h c n  thc h r a d  i s  d r i l l c d  (singlc hole) for safct) ing 
m h i n  thr bolt i s  u t cd  in a q p c d  hole. T h e  hdts con- 
f o r m  ti) Sprrificatinn No. AN.H.3. w i t h  mlltd thrcads. 
NI. 5 hi. according to Spcci lcat ion N o  AN-S.126. 
Strrl bolts t m a l l r r  than IO-),? and a luminum al loy 
bolts  smaller than 1/4- inch diameter are rasi ly over- 
s t r cocd  a t  asrcmbly; therefore, they are not used in 
p r imary  strurtures 
Revlred 7 August 19S0 
3- IR.  PARI'  N U M B 1 . R  D E S I G N A T I O N .  T h e  AN 
b o l t  code designation gives the t y p  of bolt, material, 
l eng th  of grip Example: AN3DMA. T h e  AN i s  the 
typc holt ,  the 3 indicatrs the d i a m n c r  in 16ths of a n  
inch  ()/I6 inch), r h r  DD indicates a l u m i n u m  al loy 
material, the 6 designat- grip and  length, a n d  the 
lc t rcr  A indicatrs not d r i l l ed  for cotter pn.  If a let ter  
C h a d  b c r n  used in place of the DD i t  would idcace  
61 




2 3 1 
R - Ratlo of Wrench 
Torque to Tenslle 
Stress In Bolt 
T = R x St where: T =, wrench torque, Inch-pounds 







rension Type Nuta 
MS20365 and 
AN310 (40,000 psi 
in Bolt) 
and and 
Shear Type Nuts AN310 AN320 
MS20364 and Nuts Nuts 
AN320 ( G G  of (90,000 (60% of 
Column 4) oel In Column 
+= axlal tenslle streRe desired In bolt 
4 I 5 1 6  7 
7 - 9  
12 - 15 
30 - 40 
60 - 85 
95 - 110 
270 - 300 
480 - 600 
660 - 780 
1,300 - 1,500 
1,500 - 1,800 
2,200 - 3,300 
3,000 - 4,200 
5,400 - 8,800 
















I 1 Bolt) 1 6) 
FINE THREAD SERIES 
8 - 36 I 0.00028 I -- I 12 - 15 
10 - 32 
1/4 - 28 
5/16 - 24 
3/8 - 24 






1/2 - 20 0.0115 
9/16 - 18 0.0203 
3/4 - 16 0.05HG 
7/R - 14 0.079 
1 - 1 4  1 0.100 
1-1/8 - 12 0.133 
1-1/4 - 12 0.244 
5/8 - 18 0.0280 
R - 32 
10 - 24 
1/4 - 20 
5/16 - 18 
3/8 - 16 
7/16 - 14 
1/2 - 13 
9/16 - 12 
5/8 - 11 
3/1 - 10 
7/8 - 9 
1-1/8 - 8 
1-1/4 - 8 



























20 - 25 
50 - 70 
100 - 140 
160 - 190 
450 - 500 
480 - 690 
800 - 1,000 
1,100 - 1.300 
2.300 - 2,500 
2.500 - 3,000 
3,700 - 5,500 
5,000 - 7,000 
9,000 - 11,000 
COARSE THREAD SERIES 











0.1313 -- -- 
20 - 25 
40 - 50 
80 - 90 
160 - 185 
235 - 255 
400 - 480 
500 - 700 
700 - 900 
1,150 - 1.600 
2,200 - 3,000 
3,700 - 6,000 
5,500 - 6,500 L 6,500 - 8.000 
12 - 15 
25 - 30 
48 - 55 
95 - 110 
140 - 155 
240 - 290 
300 - 420 
420 - 510 
700 - 950 
1,300 - 1.800 
2,200 - 3.000 






















Table B. 4-9 Wrench Torque for Installing Castellated And 
Self-Locking Steel Nut On 125,000 PSI Steel Bolts 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABU NO, IC 1 
RWULTS Q BOUBLB SHEAB STRENGTH TEWS OF MS21250 0 - '  SERIES EKT-AL WRENCHING HbiAD ALLOY STEEL 180 IS1 BOLTS 
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I t  
II 
II 
11 ( 9.497 





11 I t  
1? I t  

































TXST LOAD - 
'1 34 
?f h 
T A B U  ?JO, I C \ ~  
RESULTS OF DOUBLE SHEAR STRENGTH TESTS OF MS21250 















S S 6 0  
S-S61 
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6 4 7 9  
S-S80 
---__ - - -- --.. 
$os81 
S-382 






























, 1/2-20 , 12.674 .4988 182590 
" I 12.67 ,4999 \ 180590 
I1  12.6771 .4991 184590 
11 12.6771 .4991 I183260 
1/2-20 12.5491 .4980 213500 







I 1  
11 
I t  
II 
" 112.6491 .4980 I 221510 ; 49;800 
'I 12.6491 .4980 8 221510 49,800 
, 12.6471 .4979 I221960 49.900 I 1  
" 12.6491 ,4980 218840 
1/2-20 12.677 .4991 185040 
12.680, .4992 i 182810 
11 12.679 .4990 ' 184150 
i 12,68d,. .4992 I 185930 




1/2-20 12.6491 .4980 ' 182370 








I t  



























MS2 12 50-08064 
I t  
f l  
I 1  
I 1  
lL.044 . 4 Y / U  tLIL4UU 
, " , 12.654i .4982 179700 
! I 1  12.6491 .4980 , 177920 
, 12.6751 .4990 183260 I t  






3/4-16 18.969j .7468 455920 i 102,500 
18.961r .7465 422560 j 95,000 4 f1 





( I  
I' .18.966! .7467 
3/4-16 , 19.020: .7480 
19.007; 7483 1 19.014' ,7486 
If 19.0071 .7483 
' 19.009i .7484 
" I 18.964: .7466 
; I f  
{ I 1  
435900 t 98,000 
433650 ' 97,500 
442580 99,500 
453700 i 102,000 
451700 j 101,500 
442580 f 99,500 
440350 99,000 
_ _  _ _  I I - . - __ 
MS2125M2070 
I 1  
I 1  
11 






NQTES : - 1 T x F o i n t  External Wrenching Head b o l t  
wi th  cadtnium plate f i n i s h  per QQ-P-41 
2/ Double shear t e s t s  performed cm b o l t a  









from AIS1 8740 Steel and furnirhed 
Class 3 per MS21250 Standard. 
subjected t o  tensile etrength eva 










































































































































































































































































































































































































































































































































































































































































TABLE NO, IE 
RESULTS OF ELONGATION AND REDUCTION OF AREA TESTS 
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I 1  
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I 1  
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I 1  





in 4 Mas-  
x - 21 
-----vu- ___-___ 












































-__ . _ ~  
NUIES - 1/ Test specimen incorporating reduced gage oection machined i n  -- 
bol t  ehank area frm 12-point external  wrenching head b o l t  
fabricated from A I S 1  8740 otee l  conforming t o  MS21250 Standard. - 2/ Evaluation t e e t a  performed on reduced gage eec t ioa  bolt epecimeno 
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I .  :,c :IC, I H 1 





1 22.69 200 24 430 
1 28.251 250 25 850 
25 300 
, 
0 '9.090; .r10OOi 0 0 9.09r) .r)OC)9 







,079 .00311 15 070 3387 







8 5301 1917 
16 190! 3639 
23 979; 5187 
25 490i 5730 
27 3401 6147 
28 140; 6327 
26 57r) 5973 
1 
.- ---- 
RESULTS OF TURQUE-LOAD-ELONGATION TESTS OF MS 21250 
EXTERNAL WRENCHING HEAD ALLOY STEEL BQLTS 
TEST CQNIIITXOR; TORQa FROM BOLT EIEAD HOLE SIZE: 6.452 mm (0.254 i n . )  
BOLT PART NO,: MS 21250-04012 RET PART NO,: H23-4 
TIIREAD SIZE; 1/4-28 UWF-3A HUT MATEI&IAL* AHS 6304 Alloy S t e e l  
BOLT FLATERLAL: 8740 ALLOY STEEL DRY FILM LUBE OVER CAD 
BCaT FIXISH: 



































L 3 L  























‘ ION - 























__ - .--- - 
- 1/ Bolts tested in Transducer Controls l o a d  c e l l ,  Induced load monitored with RBX a t  
indicator.  
a t i l l  i n  load  c e l l .  
Specimen torqued to  value neted and bolt e longation measured with rpecim 
- 2/ Prevai l ing locking torque of H23-4 nuts noted as  followe: 
Specimen N o .  S-T5O1 - 1.13 N-m (10 l b f - i n )  
S-T502 .. 1.36 N-m (12  lb f - in )  
S-T503 0 0.90 N-m ( 8 lb f - in )  
S -T5W - 1.13 N-at ( l r )  lb f - in )  
S-TSO5 0 0 .79  N-m ( 7 lb f - in )  
TAIILE NO, I H 3 
RESULTS OF TORQUE-LOAD-ELONGATION TESTS Q MS 21250 
ExTgRNAL WRWCHING HEAD ALLOY STEEL BOLTS 
TEST CCHDITZOH: TORQUE FROM NVT HOLE SIZE: 6.452 mm (0.254 in.) 
YOLT PART i;O. MS21250-04012 PAriT JG.  : H23X4 
TEREAD SIZE. 1/4-28 W - 3 A  PJTFXZAL* ANS 6304 Alloy Steel 
;'OLT WTERL4L. 8740 ALLOY STEEL XUT FZNISri: CADMIUM PLATE (TYPE 11) 
BOLT FTXtS'Zi CAD PLATE (TYPE 11) W8HEIi PART N O , :  MS 20002 
-II_ 
i SPECDEN NO.. S-T507 T TcfKbJUE: !\-- -_____ 1_ _ _  - 4.- -  .-.----- - S P E C E C 3  NC S-T506 
0 
200 /i 22 820 
250 26 970 
275 26 970 ]I 











0.0001 .oooo 0 
.096,.0038 ! 11 180 
' 
.084 .0033 5 270 
.107i,Oo42 1 7  400 
.130~.0051 20 840 
.140:,0055 23 220 
,259 -0102 26 570 
>315' .0124 26 500 , 





















----- .- ^--I- ~ I 
0 iO.000 
1185 .048 
2514 j .071 
3912 .099 
4686 ,127 
5220 i ,147 
5973 ; .236 
5958 ; .366 











-- ._- -. -. _I 
LOAD --_ - 







































INDWCED L M D  
Nawtonrs (1bf)  




















.345 * o n  
. .  
1 .. '. . .. . ,  - 1/ Bolts teated i n  Transducer Control@ load c e l l .  Induced load monitored with RBI rtra 
Specimen torqued t o  value noted and bolt elongation measured with 8peci.m indicator. 
still i n  load c e l l ,  - 2/ Prevailing locking torque of H23X4 nut8 noted a i  followr: 
Specimen No. S-T506 - 0.90 Nm ( 8 lbf-in) 
S-T507 - 0,68 Hn ( 6 l b f - i n )  
S-T508 - 1.02 Nm ( 9 lbf-in) 
S-T509 - 1,13 Nm (LO lbf-in) 
S-TS10- 0,90 NIB ( 8 lbf-in) 
0 
144 
RESULTS OF TORQUE-LOAD-ELONGATION TESTS OF MS 21250 
EXTERNAL WRENCHING €EAD ALLOY STEEL BOLTS 
HOLE SIZE: 6,452 mm (0.254 in.) 
MS 21250-04024 PAF<T :jf. I . H23-4 
1/4-28 W - 3 A  T = H T ~ ~  Ta * AM6 6304 A l l o y  Steel 
1 . 7  .“-;TCPTriI, ‘ 8740 ALLOY STEEL .;* ::* Dry Film Lube Over Ckd P1 
> \I1 T PLX‘i CAD PLATE (TYPE 11) A ’!G.,: MS 20002 
0 ;  0 0 
5.651 50 5 990 
11.301 100 i 12 530 
19.77; 175 i 21 870 
22.60 i 200 23 930 
28.251 250 25 670 
31,07 I 275 
16.953 150 19 200 
0 0,000 .oooo 
1347 .030 .0011 
2S17 ,071 ’ .0028 
4317 ’ .135/,0053 
4917 .173 .0068 
5379 .211 .0083 
5772 ‘ .323 .0127 
BOLT BROKE , 
I 
0 j O 0.000 .OOOO i 0 
7 060 1587 ’ .OS3 ’ ,0021 6 630 
14 530 3267 .114 .0045 13 490 
23 4 6 0 ;  5274 , .185 .0073 20 640 
26 820 6030 .218 .0086;  22 680 
28 410 6387 ’ .279 .0110! 25 430 




I i _ _ _  - .  --<* - ^ -_  - ____ - --- --*_- &- 
-I ~ - .  
1449 .048 I .0019 
11,30: 100 2955 . lo2 ‘,OM0 
4410 .170 1.0067 
19,77 175 23 090 5190 .201 .0079 
22.60r 200 24 820 5580 .241 .0095 
25 750 5790 , .335 ,0132 
i BOLT BROKE 
I ! 
>,l”ECLYFS NO, 
, Y i J i  
1/Bol t s  tes ted i n  Transducer Controls load c e l l .  Induced l o  
Specimens torqued t o  value noted and bol t  elon indicator ,  
s t f l l  i n  load c e l l .  - 2/ Prevailing locking torque of H23-4 nuts noted as fo~10ws:  
Specimen No. S-T511 - 0,68 Nm ( 6 lbf- in)  
S-T512 - 1.13 Nm (10 lbf-in) 
S-T513 - 1.35 Nm (12 lbf-in) 
S-T514 - 0.90 Flrn ( 8 lbf- in)  
S-T515 0.90 h ( 8 lbf-in) 
12; rj :.xg 
I-- 








. . - I--- - - 
TARLE NO, I H 5 
RESULTS OF TOBQUE-LOAD-ELQN6ATION TESTS OF MS 21250 0 EXTERNAL WRENCHING HEAD ALLOY STEEL BOLTS 
. TORQuE FROM BOLT HOLE SIZEP 6,452 mm (0.254 i n . )  
MS 21250-04024 NVT PART PIC).: H23-4 
1/4-28 UNJF-3A KVT x A T C ~ l i ~ i *  AMs 6304 Alloy Steel 
AOLT MATERIAL- 8740 ALLOY STEEL RUT FIMrH: DRY FILM LUBE OVER CAD PLATE 
BOLT PXIQSSH. CAD PLATE (TYPE 11) WSREW ~ A X T  MU,: MS 20902 
- 
R I 
.54 250 29 060 












o/ 0 o::!j 3 9601 891 
,091: .0036' 9 870, 2220 
.14q .0055 16 160: 3633 
.0069 20 860' 4689 






























4 270 $60 
15 880 3570 
24 8901 5395 
28 1601 6330 
28 160' 6330 
BOLT )ROI(E 
9 9701 2241 








































. .. -- 
- 1/ Bolts tested in  Transducer Controls lead cell. 
- 21 Prevailing locking torque of H23-4 nuts noted as  f o ~ ~ o w s :  
Induced load monitored w i t h  RBI rtrsia 
indicator.  
st i l l  i n  l o a d  c e l l .  
Specimen torqued t o  value noted and b o l t  elongation mearurcsd w i t h  8peciaHI 
Specimen No. S-T516 - 1.13 N-m (LO lbf - in)  
S-T517 - 0.90 N-m ( 8 lbf - in)  
S-T518 - 0.68 N-m ( 6 lbf - in)  
S-T519 - 1.36 N-m (12  lbf - in)  
S-T520 - 1.36 N-m (12  lb f - in )  146 
IC , - ;.,.OLE :E* I H 6 
RESULTS OF TORQUE-LOAD-ELONGATION TESTS OF MS 21250 
EXTERNAL WRENCHING HEAD ALLOY STEEL BOLTS 
T 2 3 '  COMTSIT'ICTK. TORQUE FROM NUT HOLE SIZE: 6.452 mm (0.254 i n . )  
28.253 250 
MS 20002 









mD1 i. -=.. -,?c 
L#.L k J  ir ' - _-___ + ,i L e . *  









.- ~ I --. I. 
ITIDN ---










7- --- -- VI-- - 
5.65 ; 50 
11.30 100 
19.77 I 175 
22.60 200 
31.07 275 4 
i' 
li 
28.25 , 250 
_- .L -_._.__ I --.L-- ^ __-- .-- 
-.I- _-._ 
0 :o.ooo .0000 
1218 . .Q20 1 .0008 
2658 ' .051 .0020 
3792 . lo9 .0043 
4572 ,155 .0061 
5256 ' .198 .0078 
6015 j ,361 ,0142 
BOLT BROKE ; 
I 










- -- ---- 
.- . L I I  - 1/ Bolts t e s t ed  i n  Transducer Controls load c e l l .  Induced load monitored with RBI rtr  
ind ica tor .  
s t i l l  i n  load c e l l .  
Specimen torqued t o  value noted and bo l t  elongation measured w i t h  spec 
- 2/ Prevailing locking torque of H23X4 n u t s  noted as follows: 
Specimen No. S-T521 - 0.90 N-m ( 8 lb f - in )  
S-T522 - 1.13 N-m (10 lb f - in )  
S-T523 - 1.58 N-m (14 lb f - in )  0 
S-T524 - 0.79 N-m ( 7 lbf-in) 
S-T525 - 1.24 N-m (11 lb f - in)  
. I  H 7  
RESULTS OF TORQUE-LOAD-ELONGATION TESTS OF MS 21250 
EXTERNAL WRENCHING HEAD ALLOY STEEL BOLTS 
0 
TEST r:mqDf?It7rr, TORQUE FRm HOLE SIZE:  12.827 am (9.595 i n . )  
.;O? '= PAr,T .GO MS 21 250-98024 
1/2-20 UNJF-3A 304 ALLOY STEEL t. . \ i UL?D S32E 
? OLY ,SL~.TER j 8740 ALLOY STEEL DRY FILM LUBE OVER CAD PLATE 
FULT P l N l S l i  CAD PLATE ;.&$I%?. I ,~+iz: '  '-!:* MS 23002 
I 








. l o2  .0040 34 620 
.124'.0049 I 5 1  970 
.188 ,0074 1 69 900 
.226 ,0089 j 84 010 
.254 '.0100 1 96 110 
.411 .0162 107 970 
.836;  .0329 116 670 
i 
0 0.000 i .  0009 01 0 
7783 .979,.0931 , 30 7 0 0 '  6992 
11685 .112 ,0044 51 1 2 0 ,  11492 
15716 .165 .9065 7 2  110 16211 
18888 .193 ,0076 89 2 3 0 ,  20060 
21608 .224 .Of388 101 180 ! 22747 
24274 .269 1.0106 ,113 330 25478 




67.79 600 !I 28 550 ; 6418 .097 ' .0038 29 740 t 6687 
101.69 900 52 550 i 11814 .130 1 .0051 53 220 ' 11965 
135.58;  1200 4 73 830 I 16598 
169.48 1 1500 li 9 7  4 5 0 ,  21909 
203.37 i 1800 106 310 i 23801 
237.27 I 2100 116 2 4 0 ,  26133 
271.16, 2400 1 1 7  100 . 26327 
d - ,__ Cr ,-I -----.I- A"..- .--..----.. 
.185 ' .0073 72 870 16383 
.231 ,0091 96 830 21769 
.292 .9ll5 113 710 ' 25564 
.384 .9151 1 1 7  340 ~ 26381 
.767 .r)392 1 1 7  340 26381 
.084 1 ,0033 
.127  I ,0059 
.183 1 ,0072 
,231 I .OW1 
.353 ,9139 
.460 1 ,0181 
.724 1 .9285 1 
I 
NrnG 
I---- - 1/ Bolts  t e s t ed  i n  Transducer Controls load c e l l .  Induced load monitored with RBI s t r a i n  
Specimen torqued t o  value noted and b o l t  e longat ion measured with specimen ind ica to r .  
s t i l l  i n  load cell. - 21 Preva i l ing  locking torque of H20-8 nuts  noted as follows: 
Specimen No. S-T526 - 7.91 N-m (70 lb f - in )  
S-T527 - 5.08 N-m (45 l b f - i n )  
S-T528 - 9.04 N-m (89 lb f - in )  
S-T529 - 6.78 N-m (69 lbf-in) 
0 
148 S-T530 - 6.21 N-rn (55 lbf-in) 
Tiax it tfO 1 H 8 
RESULTS OF TORQUE-LOAD-ELONGATION TESTS OF MS 21250 0 EXTERNAL WRENCHING HEAD ALLOY STEEL BOLTS 
TEST cU?;DITIm. TORQUE FROM NUT HOLE SIZE:-  12.827 a m  (0.505 i n . )  
BOTT ?ART t48. MS 21250-08024 ?KI P A W  bit:. ; H2OX8 
TI*X!Lrn S U E  < 1/2-20 UNJF-3A * AMs 6304 ALLOY STEEL 
BGLY NATERUL.  8740 ALLOY STEEL w r  F LtUSEJ, : CAIlMIUM PLATE (TYPE 11) 
MS 20002 
0: 0 
22 8601 5139 
34 140: 7676 
47 960110782 
64 070!14405 
82 670 '18587 
97  880: 22005 
115 470 '25961 
0 
0 :  0 ii 0 :  0 0,000 j .oooo 
67.79 600 I/ 30 270 ! 6805 , .104: .0041 
101.69 : 900 il 47 530 j 10686 ,132 .0052 
135.58 1200 66 800 ; 15018 ,168 .0066 
169.48 1500 83 580 18791 , .221 j ,0087 
203.37 1800 9 3  580. 121038 1 ,290 ' .0114 
237.27 , 2100 112 890 25381 ,480 .OM9 




.277 I .03m 
L 1/ B o l t s  t e s t e d  i n  Transducer  C o n t r o l s  load  ce l l .  Induced load  monitored w i t h  RBI r t r a b  
Specimen torqued  t o  value noted and bolt elongation measured w i t h  specimen i n d i c a t o r .  
s t i l l  in l o a d  ce l l .  - 2/  P r e v a i l i n g  l o c k i n g  t o r q u e  of H20X8 nuts noted a8 follows: 
Specimen No, S-TS31 - 11.30 N-m (100 l b f - i n )  
S-T532 - 8.47 N-m ( 75 lbf-in) 
S-T533 - 10.17 N-rn ( 9 0  l b f - i n )  
S-T534 - 6 . 7 8  N-m ( 60 lbf-in) 
TA3LE ?<a+ 1 H 9 
RESULTS OF TORQUE-LOAD-ELONGATION TESTS OF MS 21250 
EXTERNAL WRENCHING HEAD ALLOY STEEL BOLTS 
TEST C3wI)TTICRt, TORQUE FROM NUT HOLE SIZE: 12.827 mm (0.505 in.) 
bOi ' I '  PART Ne, MS 21250+08048 H20-8 
&$D S U E .  1/2-20 UNJF-3A H%T ktATB?L*:~* AMs 6044 ALLOY STEEL 
x x T  MXTZR.UL 8740 ALLOY STEEL : DRY FILM LUBE OVER CAD P 
IK:; T FIKISH CAD PLATE L&:;!lER PPitT TO, : MS 20002 
67.79 600 
101.69 goo 
T ------_"-* -..*e- 
I-XDUCZT ----- 
NQVt On Id 


















24 7 25 
. - --. - 
3.000 .oooo 0 
.046 ,0018' 31 750 
.147, .0058: 45 380 
.165 .0065! 68 420 
.221 .0087\ 85 450 
.2641 .0104 I 104 000 
,343 .0135;114 380 
.653i .0257 $5 620 
Nm k i h f - i n )  
-*=-2.2 Ti--;= 
f 
0 ,  0 
67.79 600 
101.69 , 900 
135.58 ' 1200 
169.48 i 1500 
203.37 ' 1800 
237.27 2100 




01 0.000 ,0000 
71381 .0711 .0028 
10202; .157i .0062 
15383' .226 .0089 
19210; .287 .0113 
23381' .371 .0146 
25714i .498! ,0196 














7203 .058 .0023 
11159 . l o9  . W 4  
15265 j .183 ,0072 
19662 I ,274 .010$ 
22994 j .386 .0152 
iz?:; 1 -516 .0203 . ga l  . o w  










--..- _--- ---- - I-- 
0 0.000 
7181 .OM 
10782 I .140 
13910 .198 
18889 .277  
21758 ' .363 



















11062 .152 I .0660 
16007 .218 1 .0086 
20038 .292 1 .Or15 
23531 ,366 I ,0144 
25875 .478 .0188 
25908 .757 1 . Q ~ M  
BUT E5 - l x g l t s  tested in Transducer Controls load c e l l .  
..- 2/ Prevailing locking torque of H20-8 nuts noted as follows: 
Induced load monitored with RBI strat 
Specimen torqued t o  value noted and bolt  elongation measured w i t h  specime indicator .  
s t i l l  i n  load c e l l ,  
Specimen No. S-T536 - 8.47 N-m (75 lbf-In) 
S-T537 - 10.17 N-m (90 lbf- in)  
S-T538 - 9.66 N-m (80 lbf-In)  
S-T539 - 8.47 N-m (75  lbf-In) 
~ ~ ~ 5 4 0  - 7.34 N-rn (65 1 b f - W  
0 
150 
?'.iSi,E NO, 1 H 10 
RESULTS OF TORQUE-LOAD-ELONGATION TESTS OF MS 21250 
EXTERNAL WRENCHING HEAD ALLOY STEEZ BOLTS 
TEST CQBDITIOP:. TORQUE FRW NUT HOLE SIZE: 12.827 mm (0.505 i n . )  
E0T.T PART NO, MS 21250-08048 :?UT PART :4i e : H20X8 
TIUEisrZI) S U E ;  1/2-20 UNJF-3A fKT FATIT~AL. AMs 5304 ALLOY STZEZ 
BOLT MATERLkL . 8740 ALLOY STEEL YET PIN1:';fi: CAIlMIUM PLATE (TYPE 11) 
RQLT FINISH: CAD PLATE !@\SIiEK T42T NO,: MS 20002 













































-I_r --- I 
Oi 0 
28 400 6386 
43 320 9740 
58 480 '  13147 
7 1  100 '  15985 
77 890-  17512 
93 7203 21070 



















.051 27 640; 
42 5101 :%! ,109 
61 8801 139111 .188 
80 810 18168: .259 
92 9 l O i  20887 .368 
106 580 1 239621 .4S7 















0 I! 0 %  0 
600 1 26 490 j 5956 
900 !I 36 820 * 8278 
1200 '1 57 670 12965 
75 500 1 16974 
98 740 ; 22199 
111 080 I 24972 
121 410 i 25048 
t 
0 
.081 ,0032 27 350 i 6149 
.124 .0049 , 41 220 ! 9267 
.208 i ,0082 60 110 i 13513 
.290 ,0114 77 750 j 17480 
.378 1 .0149 93 720 21070 
.528 .0208 104 810 ~ 23564 
.777 .0306 ,113 330 j 25478 
i 










I/ Bolts tes ted  i n  Transducer Controls load c e l l ,  
-
Induced load monitored with RBI et fafn  
Specimen torqued t o  value noted and bolt elongation measured with epecheo indicator.  
s t i l l  i n  load c e l l .  - 2/ Prevailing locking torque of H20X8 nute noted a s  follows: 
Specimen No. S-T541 - 9.94 N-m (80 lbf - in)  
S-T542 - 3.95 N-m (35 Lbf-fn) 
S-TS43 - 5.08 N-m (45 lbf - in)  
S-T544 - 7.91 N-m (70 lbf - in)  




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE NO. I K 1 
RBSDLTS OF 15-CYcLE INSTALLATION TORQDE-TBNSIm TESTS OF MS 21250 SERIES 
EXTERNAL WaBNcRlWo APAD ALLOY STEEL BQTS 
TEST CONDITION: TORQm mm DESIGN CLAMP LOAD: 24 020 Newton8 ( 5,400 
Bolt Pnrt  No.: KS 21250-04012 Nut Par t  No. : R23-4 
Thread Size: 1/4-28 mm-3 
Bolt F in ish :  
Bolt Soec l f lca t lan .  Mn-B-8831 Hole S i r e :  6.350 on0 ( 0.250 i n . )  
Nut Mater ia l :  AMS 6304 STEEL 
Bolt Mater ia l :  8740 S ~ E L  Nut F in ish :  DRY FILM LLBE OVER CAD PLATE 




in - lbf )  
50 I T  






100 I T  
150 IT 
200 I T  
220 IT 













Newtons 1 (Pounds) 11 Newtons I (Pounds 
I I 
CYCLE 01 n CYCLE 11 
W LOAD 
Newtoqs I (Pound? 




CYCLE #l I 
4 540 1 1,020 I 4 890 I 1,100 
9 870 2.220 10 450 2.350 
4 670 I 1.050 
11 010 2.47: 
16 950 3,81C 
22 860 5,14C 
24 860 I '  5,59C 
CYCLE 12 11 CYCLE 12 
I I 
CYCLE #2 CYCLE 12 CYCLE 8 2  
4 340 975 
9 010 1 2,025 
13 970 3.140 
4 050 





18 680 4;200 
20 220 I 4.545 
CYCLE 83 







150 I T  
200 IT 
220 I T  -












150 I T  
200 I T  





























3 380 760 9 00 
7 380 1,660 % I 1,825 
11 700 2,630 12 100 2,720 
16 570 3,725 16 500 3,710 
17 480 3,930 18 010 4,050 
CYCLE 1 5  CYCLE 65 
I I 
CYCLE 1 5  
10 900 2,450 








11 390 2,560 









CYCLE #10 CYCLE 110 
3 110 700 
6 DO0 I 1,350 
9 160 2,060 
12 370 2.780 
2 800 630 
6 050 1 1,360 
9 300 2,090 
12 630 2.840 
2 6 050 80 1 1,: I 1 1,;: 
9 250 2,080 10 590 2,380 
12 500 2,810 14 230 3,200 
13 660 3.070 1 5  300 3.440 
3 510 790 
7 290 1 1,640 
11 210 2,520 
1 5  170 3.410 












100 I T  
150 IT 
200 I T  











10 770 2;420 
14 590 3,280 
16 100 I 3.620 
2 220 
; ;XI: 1,640 9 340 2,100 I 1.075 1 6 i 4 0  1 i.iS0 
9 870 2,220 12 570 2,825 
10 940 2,460 13 920 3,130 
1,820 
'IT' denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  in Transducer Controls load c e l l .  
from Uoaeley Autograf Recorder. 
Tensile clamp load determined from X-Y c u m  




































































TABLE NO. I K 2 
R&sULTS OP 15-CYCLB INSTALIATION TORQUE-TENSION TESTS OP MS 21250 SERIES 
EX"B€SAL WRENCHING READ ALLOY STEEL BOLTS 
4 p T  
DESIGN CLAMP LOAD: 24 020 Newtons ( 5,400 Pounds) TEST CONDITION: TOaqUE FRCM N m  
Bolt Part No.: MS 21250-04012 Nut Part NO. : H23-4 
Thread Size: 1/4-28 mJF-3A Nut Material: AMs 6304 STEBL 
Bolt Material: 8740 STE= Nut Finish: DRY FILM LUBE OVER CAD PLATE 
Bolt Finish: CAWIm PLATE. PQ-P-416, TYPE 11. CIASS 3 
Bolt Specification: m 4 - 8 8 3 1  Hole Size: 6.452 tm ( 0.254 in.) 
Washer Part No. : MS 20002~4 h ns 20002-4 
CYCLE C15 ti CYCLE 115 11 CYCLE #15 ti m u E  #15 n CYCLE 115 






CYCLE #4 CYCLE /(4 






5: 1 2 8: I ,63: 1 3 65: I .82: 100 IT 5 600 1,260 8 410 1,890 150 IT 8 960 2,015 13 740 3,090 200 IT 12 320 2,770 18 770 4,220 220 IT 13 610 3 060 21 170 4 760 
50 IT 2 800 630 3 380 760 
CYCLE #6 CYCLE 16 





CYCLE #lo 11 CYCLE 110 1 CYCLE 110 1 CYCLE #lo 
53; 11 3 22: I 72; 11 2 5&: 1 57: 2 94: I 6: 1 2 80," I 63: ' 
2 800 630 2 220 500 2 220 500 2 110 475 
6 720 1,510 4 450 1,000 5 030 1,130 4 450 1,000 
11 740 2,640 6 870 1,545 7 830 1,760 6 450 1,450 
16 520 3,715 10 230 2,300 10 940 2,460 8 980 2,020 
18 750 4,216 10 650 2,394 11 770 2,646 9 810 2,205 
12 050 
13 310 
7 120 1,600 9 250 2,080 9 120 2,050 
11 500 2,585 14 430 3,245 14 010 3,150 
17 660 3,970 20 190 4,540 18 900 
19 060 4,284 21 860 4,914 21 020 
6 000 1,350 8 140 I 1,830 7 560 1,700 
9 120 2,050 12 610 2,835 11 480 2.580 
13 740 3,090 16 950 3,810 16 550 3.720 
14 710 3.308 18 780 4.221 17 930 4.032 
CYCLE #6 ! CYCLE 16 I CYCLE 16 
0 1  o n  0 1  O H  0 1  0 
2 800 630 3 510 790 3 110 700 
5 450 1,225 7 430 1,670 7 010 1.575 
8 830 1,985 11 480 2,580 11 080 2,490 
13 460 1 3,025 
15 570 1 ::::: 15 970 I 3,590 14 010 3,150 ~ 7 3 17 090 3,843 
100 IT 
10 680 13 740 
CYCLE #11 11 CYCLE #ll u CYCLE #11 11 CYCLEal a CYCLE #11 
5 P T  n i  n II n i  " 1 1  0 1  n n  n i  n u  n i  - _ _  
50 IT 11 2 366 I 530 1 3 116 1 70;) 1 2 54;) 1 570 1 2 8M) 1 630 1 2 806 I 630 
100 IT 4 760 1,070 7 290 1,640 5 050 1,135 6 180 1,390 5 600 1,260 
150 IT 7 560 1,700 12 320 2,770 7 560 1,700 9 810 2,205 8 540 1,920 
2M) IT 10 360 2.330 17 OB0 3.UO 10 500 2.360 13 740 3.090 12 320 2.770 
NOTES : 
21 - nosaley Autograf Recorder. H23 nuts torqued with 12-point socket. 
'PT' denote8 self-locking nut prevailing torque. 
Bolt-nut assembly tested in Transducer Controls load cell. 
'IT' denotes installation torque. 
Tensile clamp load determined from X-Y curve from 
TABLE NO. I K 3 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF MS 21250 SERIES 
EMERNAL WRENQIING HEAD ALLOY STEEL BOLTS 
TEST CONDITION: TORQUE PROM NVP DESIGN M M P  LOAD: 24 020 Newtonu ( 5 , 4 0 0  Pounds) 
Bolt  Par t  No.: MS 21250-04012 Nut Par t  No. : H23-4 
Thread Size: 1/4-28 mm-3~ Nut Hateria1:AMS 6304 STEEL 
Bolt  Mater ia l :  8740 STEEL 
Bolt  F i n i s h :  CADMIUM PLATE. QQ-P-416, TYPE 11, CLASS 3 
Bolt  S p e c i f i c a t i o n .  MIL-B-8831 Hole Size: 6.756 m ( 0 . 2 6 6  i n . )  
Nut F i n i s h :  DRY FILM LUBE OVER CAD PLATE 
Washer Par t  NO.: MS 20002C4 h MS 20002-4 
150 IT  
SPECMEN NO.S-T666 SPECIMEN NO.S-T667 SPECIMEN N0.S-T668 SPECIMEN N0.S-T669 SPECIMEN N0.S-T670 
Newtons I (Pounds) 11 Newtons I (Pounds) I (Pounds) 
INDUCED CLAMP LOAD 
Newtons I (Pounds) I Newtons I (Pounds) 11 Newtons 
CYCLE # l  11 CYCLE ill 11 CYCLE #I I CYCLE $11 1 CYCLE bl  
I 1 11 1 1 1 1 
22 240 I 51000 11 21 530 I 4:840 11 21 020 I 4:725 I 20 510 I 41610 11 21 880 I 41920 
24 460 I 51500 1 23 530 I 51290 11 22 950 I 51160 I 2 2  350 I 5;025 11 24 130 1 5;425 
CYCLE #2 11 CYCLE #2 11 CYCLE 62 I CYCLE 8 2  CYCLE $l2 
14 170 3,185 16 810 3,780 14 010 3,150 14 570 3,275 15  230 3.425 
15  790 I 3,550 11 18 460 I 4,150 11 15 4801 3,480 16 1001 3,620 I 16 680 I 3,750 
CYCLE # lo  
CYCLE 111 CYCLE 
3 220 
5 560 1 250 6 890 
8 560 1 1:925 1 10 790 
11 650 2,620 14  460 
12 810 2.880 16 100 
C Y U E  #15 
8 560 9 250 
2 540 2 800 
II  1 , )I CYCLE 115 1 CYCLE #15 11 CYCLE 
650 2 360 530 2 670 600 2 670 
1,570 5 160 1,160 5 700 1,280 5 780 
2,080 7 960 1,790 8 580 1,930 8 900 
2,825 10 850 2,440 11 610 2,610 12 100 



















y s I T n  denotes i n s t a l l a t i o n  torque. 
21 Bolt-nut assembly t e s t e d  i n  Transducer Cont ro ls  load c e l l .  Tens i le  clamp load determined from X-Y curve - 
from Hoseley Autograf Recorder. H23 Series nut* torqued wi th  12-Point socket.  
159 
TABLE NO.1 K 4 
RESULTS OF 15-CYCLE INSTALLATION TORQDE-TEiSION TESTS OF MS 21250 SERIES 
EXTWNAL WRENCHING HeAO ALLOY STEEL BOLTS 
TEST CONDITION: TORQUE FRCPi DESIGN C W  LDAD: 24 020 Newtons ( 5,400 Pounds) 
Bolt Part No.: MS 21250-04012 Nut Part NO.: H23X4 
Thread S i z e :  1/4-28 DNJF-~A Nut Material: AMs 6304 STEEL 
Bolt Material: 8740 STEEL Nut Finish: CADMIUM PLATE, TYPE 11, CLASS 3, QQ-P-416 
Bolt Finish: 
Bolt SpecifIcatlon. MIL-B-8831 Hole S i z e :  6.350 m (0.250 in.) 






































































































SPECIMEN NO.S-T671 SPECIMEN N0.S-T672 SPECIMEN N0.S-T673 SPECIMEN NO.S-T674 SPECIMEN NO. 
INDUCE0 CLAMP L( 























11 CYCLE #l 11 CYCLE 
~ 
I 
930 11 4 140 I 930 11 4 050 
, - ,, 
CYCLE $12 11 CYCLE 
I 
4;620 19 930 4;480 21 310 
5.100 22 110 4,970 23 220 
{Pounds) Newtons (Pounds, 
I CYCLE #I 
I I 
0 CYCLE #2 
I I 
2,;: 1 ; E: 1 2,:; 3.480 14 190 3.190 
4;790 19 390 4;360 
5,220 21 310 4,790 
11 CYCLE 113 11 CYCLE 113 
800 11 3 560 1 800 11 3 780 I 850 R 3 250 I 730 
1,900 8 540 1,920 8 760 1,970 8 140 1,830 
2,960 13 340 3,000 13 700 3,080 12 680 2,850 
4,050 18 130 4,075 18 680 4,200 17 210 3,870 
4,420 19 930 4,480 20 460 4,600 18 860 4,240 
CYCLE 114 CYCLE 114 CYCLE 114 
I I I 
17 260 3;880 16 680 3.750 16 410 3’690 16 550 3;720 
19 130 I 4.300 11 18 280 I 41110 11 18 010 I 41050 11 18 280 I 4.110 
CYCLE #5 11 CYCLE (15 11 CYCLE 115 
3 420 700 3 340 750 3 110 700 3 250 730 
1.710 7 210 1,620 7 450 1,675 
2,700 11 080 2,490 11 650 2,620 
3,660 14 950 3,360 15 830 3,560 
3,990 16 370 3,680 17 210 3.870 
CYCLE 16 11 CYCLE 116 11 CYCLE 116 11 CYCLE 116 
3 220 725 3 110 700 3 110 700 3 110 700 
7 210 1,620 6 810 1 1,530 7 450 1 1,675 7 300 1 1,640 
11 120 2,500 9 430 2,120 11 650 2,620 11 120 2,500 
15 260 3,430 14 190 3,190 15 830 3,560 15 390 3,460 
16 680 3,750 15 570 3,500 16 370 3,870 16 680 3,750 
CYCLE 110 CYCLE #10 CYCLE #lo CYCLE #10 
I I I 
600 2 800 630 
5 740 1,290 1,330 6 180 1,390 
2,040 9 430 2,120 
2,740 12 810 2,880 
3,000 13 920 3,130 
CYCLE Pll CYCLE #11 CYCLE #11 CYCLE 111 
I I I I I 
2 220 500 570 2 540 570 2 670 600 
i;: a iii 1 1,290 5 780 1,300 5 870 1,320 2 02 8 900 q,OOO 9 070 2,040 
10 720 2,410 12 050 2,710 12 190 2,740 12 320 2,770 
11 740 2,640 13 120 2,950 13 340 3,wO 13 660 3,070 
CYCLE 115 CYCLE 115 CYCLE P15 CYCLE 115 
I I I I 
2 220 I 500 11 2 360 I 530 11 2 5L.O I 570 11 2 5001 570 _
1,120 5 520 1,240 5 520 1,240 5 690 1,280 
1,700 8 540 1,920 8 450 1,900 8 850 1,990 
2,320 11 740 2,640 11 520 2,590 12 010 2,700 
2,520 12 850 2,890 12 570 2,825 13 120 2,950 








l- CYCLE P11 
7- CYCLE P15 
‘IT‘ denotes installation torque. 
Bolt-nut assembly tested in Transducer Controls load cell. 
frm Moseley Autograf Recorder. 
Tensile clamp load determined from X-Y C U N ~  
H23 Series nuts torqued with 12-point socket. 
160 
TABLE NO. I K 5 
RI(SULTS OF 15-CYCLE IIiSTALLATION TORQUE-TENSION TESTS OF MS 21250 SERE5 
EXTERNAL WRKNCHING HEAD ALLOY STEET, BOLTS 
1/ 
( i n - l b f )  
TEST CONDITION: TORQUE PROM NUT DESIGN CLAW LOAD: 24 020 Newtons (5,400 Pounds) 
Bolt  Par t  No.: MS 21250-04012 
Thread Size :  1/4-28 w~p-38 Nut Mater ia l :  AMs 6304 STEEL 
Bolt  Mater ia l :  8740 S E E  
Bolt F in ish :  CACMIUM PLATE, PQ-P-416, TYPE 11, CLASS 3 
Bo1 t Specif LCB t ion. ~ 1 ~ 4 , 4 8 3 1  Hole S i r e :  6.452 m ( 0.254 in.) 
Nut Par t  NO.: H23x4 
Nut Finish: CADMIUM PLATE, TYPE 11, CLASS 3, QQ-P-416 
Washer Par t  No.: MS 20002C4 h MS 20002-4 
INDUCED CLAMP LOAD 
Newtons I (Pounds) I Newtons 1 (Pounds) 11 Newtons I (Pounds) I Newtons 1 (Pounds) 1 Newtons I (Pounds) 
CYCLE #l 11 CYCLE #I  n CYCLE I CYCLE #I u CYCLE #I 











































700 630 2 980 670 3 110 700 
1,520 ::: I 1,580 9 960 2,240 7 300 1,640 
2.420 11 560 2,600 15 920 3,580 12 050 2,710 
3,330 16 060 3,610 22 460 5,050 16 370 3,650 
3,720 18 190 4,090 25 400 5,710 19 130 4,300 
CYCLE 113 II CYCLE 113 I[ CYCLE 83 I CYCLE #3 11 CYCLE 113 












CYCLE 6 5  CYCLE 1 5  CYCLE 15 CYCLE 115 
670 2 050 460 1 780 400 1 780 400 
1,275 4 940 1,110 4 5-40 1,020 5 250 1,180 
1,875 8 230 1,850 7 300 1,640 8 670 1,950 
2,480 11 030 2,480 9 870 2,220 12 230 2,750 
2,880 13 120 2,950 11 740 2,640 14 460 3,250 
50 IT 3 110 700 4 000 900 3 560 800 4 000 900 
100 IT  3 500 1,910 8 850 1,990 10 560 2,375 8 810 1,980 
150 I T  12 370 2,780 13 740 3,030 17 350 3,900 14 140 3,180 
220 IT 19 660 4,420 21 170 4,760 27 310 6,140 21 840 4,910 
zoo IT 17 300 3,890 i a  730 4,210 23 840 5,360 19 503 4,340 
CYCLE 114 CYCLE 114 CYCLE 1j4 CYCLE 114 CYCLE 114 
50 IT 
100 I T  
150 I T  




150 I T  
500 2 220 500 
1,190 5 740 1,290 
1,840 9 250 2,080 
2,490 12 990 2,920 
2,760 15 030 3,380 




'IT' denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  in Transducer Controls load cell. 
f r m  Moseley Autograf Recorder. 
Tenaile clamp load determined from X-Y curve 
W 3  S e r i e s  nut8  torqued wi th  12-point socket.  
161 
TABLE NO. I K 6 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF MS 21250 SERIES 
EXTERNAL !dRENCHING HEAD ALLOY STEEL BOLTS 
I 
TEST CONDITION: TORQUE FR(M NUT DESIGN CLAMP LMD: 24 020 Newtons ( 5,400 P o u n d s )  
Bolt Part  No. : YS 21250-04012 N u t  P s r t  No.: H23X4 
T h r e a d  Size: 1/4-28 UNJF-3A Nut Material: AMs 6304 STEEL 
Bolt Mater ia l :  8740 STEEL Nut F i n i s h :  CADMIUM PLATE, TYPE 11, CLASS 3, QQ-P-416 
Bolt Finish: 
Bolt SDeci f ica tmn.  MIL-B-8831 Hole Size: 6.756 m ( 0.266 in.) 






















































50 I T  
100 I T  
150 I T  
200 I T  
220 I T  
~ 
50 I T  
100 I T  
150 I T  
200 I T  
220 I T  
50 I T  
100 I T  
150 I T  
200 I T  
220 I T  -
50 I T  
100 I T  
150 I T  
200 I T  
220 I T  
50 I T  
100 I T  
150 I T  
200 I T  
220 I T  
50 I T  
100 I T  
150 I T  
200 I T  
220 I T  -
50 I T  
100 I T  
150 I T  
220 I T  
200 I T  
50 I T  
100 I T  
150 I T  
220 I T  
200 I T  
-
50 I T  
100 I T  
150 I T  
200 I T  
220 I T  
SPECIMEN NO. S-T679 SPECIMEN NO. S-T680 SPECIMEN NO. S-T681 SPECMEN NO. S-T682 SPECIMEN NO. 
INDUCE0 CLAMP LOAD 
N e w t o n s  I ( P o u n d s )  N e w t o n s  I ( P o u n d s  
CYCLE #l /I CYCLE 11 
I II I 
N e w t o n s  1 ( P o u n d s  
CYCLE ill1 ----r-- 
4 670 I 1.050 
9 700 1 '2:;l; 
1 5  430 
21 310 4,790 
24 020 5.400 
! .  
CYCLE $12  
4 310 970 
9 430 1 2,120 
15 030 3.380 
20 330 4;570 




3 340 750 
7 380 1 1,660 
11 520 2.590 
CYCLE #6 
 
2 670 600 
6 410 1 1,440 
9 340 2,100 
14 140 3.180 
16 100 1 3;620 
 
CYCLE In0 
2 220 500 
5 740 1,290 
12 280 2.760 
8 980 1 2,020 
14 230 I 3;200 
CYCLE #11 
1,770 
4 310 970 
13 480 3;030 13 740 3,690 
18 590 4,180 18 860 4,240 
20 770 4,670 21 310 4,790 
CYCLE ti3 11 CYCLE #3 






























2,210 9 520 2,140 
3,130 12 900 2,900 
3,500 1 5  300 3,440 
CYCLE # l o  
I 10 990 1 ii4;: 2;670 3,070 2 54
500 2 220 500 
CYCLE #I1 
400 I : 1 430 
1,010 4 710 1,060 
1,740 1,640 
2,380 10 100 2,270 
2,760 11 480 2,580 
N e w t o n s  I ( P o u n d s )  11 N e w t o n s  I ( P o u n d s )  
CYCLE 11 1 CYCLE 11 
I n I 
4 450 
24 290 I 51460 11 
CYCLE 12  CYCLE 1 2  
4 000 900 
8 760 1.970 
CYCLE #4 
CYCLE 1 5  
I 
CYCLE #4 I CYCLE #5 
CYCLE 16 CYCLE #6 
10 230 2,300 






































' I T '  denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t ea ted  i n  Transducer C o n t r o l s  load cell. 
frmlloseley Autograf Recorder. 
Tensile clamp l o a d  determined frw X-Y curve 







TABLE NO. I K 7 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF Ns 21250 SERIES 
BXTERNAL WRENCIIIW: READ ALLOY STEEL BOLTS 
TEST CONDITION: TORqUE PROM NOT DESIGN CLAMP LOAD: 24 020 Newtons ( 5,400 Pounds) 
Bolt Part  No.: MS 21250-04022 Nut Par t  NO.: H234 
Thread Size: 1/4-28 m-3~ Nut Mater ia l :  AMs 6304 STEEL 
Bolt Mater ia l :  8740 STEEL Nut Finish: DIE FILM LUBE OVER CAD PLATE 
Bolt  Finish: Washer Part  No.: MS 20002C4 6 MS 20002-4 
Bolt Speciflcatlon.MIL-B-8831 Hole Size: 6.452 m (0 .254  in . )  
CAMIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
SPECIMEN NO. SPECIMEN NO. S-T683 SPECIMEN NO. S-T684 SPECIMEN NO. S-T685 SPECIMEN NO. TORQUE . 
11 INDUCED CLAMP LOAD 
Nm ( i n - i b f )  Newtons 1 (Pounds) 
. CYCLE I1 CYCLE /I1 11 CYCLE #l 1 CYCLE #1 
I II I 1 1 I 5.651 
501T 1 ;;: , ;:W: 11.30 l O O I  
16.95 150IT 1 5  790 3,550 
22.60 Z O O I T  22 060 4,960 
24.86 2201T 25 040 5,630 
CYCLE 6 2  
CYCLE #3 
11.30 l O O I T  6 850 1,540 
16.95 1 5 0 1 ~  10 740 2,415 
22.60 200IT 15 520 3,490 




22.60 1 3 290 I 5.651 501T 740 
11.30 1 W  .T 6 180 1,390 
16.95 150IT 9 250 2,080 
22.60 200IT 12 410 2,790 
24.86 220.T 14 320 3,220 
CYCLE #6 
5.651 501T 1 2 9801 670 
11.30 100IT 6 050 1,360 
16.95 150IT 9 070 2,040 
22.60 2001T 12 370 2,780 
24.86 220IT 14 320 3.220 
I I1 I *  
I] CYCLE #11 1 5.651 I 2 9 8 0 1  501T 670 
11.30 IOOIT 6 050 1,360 
16.95 150IT 9 120 2,050 
22.60 200IT 12 280 2,760 
24.86 2201T 14 320 3,220 
CYCLE #15 
1 2:%::1 1 2 670 1 50IT 600 11.30 lOOIT 5 650 1,270 16.95 150IT 8 670 1,950 22.60 ZWIT If 920 2,680 220IT 13 430 3,020 
4 140 1 930 11 4 450 I 1.000 I 
CYCLE 1 2  11 CYCLE #2 CYCLE #2 
I ,I I 
1 3 420 7 070 1 1,;; /I ::: 1 1,:; 10 990 2.470 13 260 2.980 
15 120 3;400 ~ 1 7  840 4;OlO 
17 300 3,890 20 570 4,625 
CYCLE 13 CYCLE 63 CYCLE #3 
3 420 I 770 3 780 1 850 
CYCLE I 2  






CYCLE U l l  
-7- CYCLE 115 
NUrIiS. 
-i?-"IT' denotes i n s t a l l a t i o n  torque. 
T/ Bolt-nut assembly t ea ted  i n  Transducer Control8 l e a d  c e l l .  
from noaeley Autograf Recorder. 
Tensile clamp load determined frm X-Y curve 
H23 Ser ies  nu ts  torqued with 12-point socket. 
0 
E6 3 
TABLE NO. I K 8 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF HS 21250 SERIES 
EXTERNAL WRENCHING W D  ALLOY STEEL BOLTS 
TOR 
Nm - 
DESIGN MHP LOAD: 24 020 Newtona ( 5,400 Pounds) TEST CONDITION: TORQUE FROM NUT 
Bolt Pert  No. : HS 21250-04024 Nut Par t  NO.: 823-4 
Thread Size: 1/4-28 mJP-3A 
Bolt Mater ia l :  8740 STEm 
Bolt F in ish :  
Nut Mater ia l :  AMs 6304 STEEL 
Nut F in ish :  DRY FILM LUBE OVER CAD PLATE 
Washer Part  NO.: MS 20002C4 & MS 20002-4 CADMIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion :  MIL-B-8831 ~ ~ i e  sire: 6.350 m ( 0.250 in.) 
SPECIMEN NO. S-T686 SPECIMEN NO. S-T687 SPECIWEN NO. S-T688 SPECIMEN NO. S-T689 SPECIMEN NO. E -- 
1/ INDUCED CLAMP LOAD 
( i n - l b f )  Newtons I (Pounds) )I Newtons 1 (Pounds) 1 Newtons I (Pounds) I Newtons I (Pounds 











2 220 ~ 500 2 220 500 2 090 470 2 090 470 
5 380 1,210 4 890 1,100 5 120 1,150 5 340 1,200 
8 670 1,950 7 870 1 1,770 8 010 1,800 8 630 1,940 
11 650 2,620 1 0  850 2,440 11 120 2,500 11 880 2,670 
13 300 2,990 12 680 2.850 12 680 2,850 1 3  610 3,060 
CYCLE 115 CYCLE 115 CYCLE 115 CYCLE 115 









































460 2 050 460 1 650 370 1 780 4W 4 :g 1 1,090 4 490 1,010 4 270 960 5 070 1,140 76 7 250 1,630 7 030 1,580 8 140 1,830 
1 0  810 2,430 10 010 2,250 9 830 2,210 11 390 2,560 
















. ... . -. . ._ . . ._ 
1,580 6 980 1,570 7 340 1,650 
150 IT 12 190 2.740 2,480 11 030 2,480 11 830 2,660 
200 IT 16 590 3,730 3,390 1 5  350 3,450 15 880 3.570 
220 I T  18 750 4,215 3,810 1 7  530 3,940 18 150 4,080 
100 IT 7 780 1,750 
CYCLE 1 5  CYCLE 115 C Y k E  115 CYCLE 65 
50 I T  3 420 770 2 980 670 2 670 600 3 110 700 
100 IT 7 290 1,640 6 230 1,400 6 360 1,430 6 940 1,560 
150 IT 11 560 2,600 9 960 2,240 1 0  230 2,300 10 760 2,420 
200 IT 1 5  880 3,570 13 920 3,130 14 190 3,190 14 990 3,370 
220 IT 18 150 4.080 15 430 3.470 16 010 3.600 16 900 3.800 
CYCLE 16 CYCLE 16 CYCLE 66 CYCLE 116 
50 IT 3 220 725 2 670 600 2 510 570 2 800 690 .. 
100 IT 7 120 1,600 ," I 1,420 1.360 6 320 1,420 
F5 1 150 IT 11 300 2,540 2,200 2,180 10 140 2,280 200 IT 1 5  700 3,530 13 790 3,100 13 430 3,020 14 140 3,180 220 IT 17 550 3,945 15 720 3,535 15 120 3.400 16 010 3.600 
11 CYCLE #10 11 CYCLE 110 11 CYCLE 1110 1 CYCLE 110 
50 IT 11 2 220 1 500 I 2 340 I 525 1 2 090 1 470 1 2 220 1 500 
100 IT 5 380 1,210 5 250 1,180 5 160 1,160 5 560 1,250 
150 IT 8 670 1,950 8 180 1,840 8 100 1,820 8 760 1,970 
200 IT 11 650 2.620 11 430 2.570 11 120 2.5W 12 140 2 730 
220 IT 11 13 300 2;990 11 13 010 I 2;925 11 12 680 I 21850 I 13 900 1 3;125 
CYCLE 111 11 CYCLE #11 11 CYCLE #11 1 CYCLE 111 






CYCLE 1 3  




CYCLE 810  CYCLE 111 
7- CYCLE 115 
Y ' I T '  denotes i n s t a l l a t i o n  torque. 
zf Bolt-nut assembly tea ted  i n  Transducer Controls loed c e l l .  
f r m n o s e l e y  Autograf Recorder. 
Tens i le  clamp load determined from X-Y curve 
H23 S e r i e s  nu ts  torqued with 12-point socket.  
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TABLE NO. I K 9 
RESULTS OF 15-CYCLE INSTALLATION TORQUB-TENSIolu TESTS OF HS 21250 SERIES 
BXTBRWAL WRENCHING READ ALLOY STEEL BOLTS 
TEST CONDITION: TORQUE FRCH rn DESIGN CtAlIP LMD: 24 020 Newtma ( 5,400 Pounds) 
Bolt  Part  No. : MS 21250-04024 Nut Par t  No.: H23-4 
Thread Size: 1/4-28 L I N J F - ~ A  Nut Hater ia l :  ANS 6304 STRRL 
Bolt Mater ia l :  8740 STEEL 
Bolt F in ish :  CAtU4IuH PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Specification. MIL-B-8831 Hole Size: 6.452 m ( 0.254 in.) 
Nut Finish: DRY FILM LUBE OVER C4D PLATE 
Washer Part  NO.: MS 20002C4 & MS 20002-4 
SPECIMEN NO. S-T69 SPECIMEN NO. S-T692 SPECIMEN NO. S-T693 SPECIMEN NO. ST691 
INDUCED CLAMP LOAD 
~ 
( i n - l b f )  11 Newtons ] (Pounds 
CYCLE #1 
I 
Newtons 1 (Pounds) (1 Newtons I (Pounds 
CYCLE ill CYCLE #1 
I I 
Newtons I (Pounds 
CYCLE #I 
1 
Newtons I [Pounds). 
CYCLE ill ----r-- 
50 IT 
100 I T  
150 IT 
200 I T  
220 IT 
1,070 4 890 1,100 
2,210 9 430 2,120 
3,480 14 370 3,230 
4,730 19 530 4,390 
5.300 21 800 4,900 






CYCLE #2 - CYCLE 12 v 
4 450 1,000 
9 160 1 2,060 
14 140 3,180 
19 130 4.300 





1:; :: 11 % 1 1,740 
150 I T  11 970 2,690 
200 I T  16 280 3.660 
3 560 800 4 000 900 
7 250 1,630 8 010 1,800 
11 480 2,580 12 320 2,770 
1 5  570 3,500 16 900 3,800 
1 7  840 4,010 18  750 4,215 
CYCLE ill CYCLE 84 
11.30 
16.95 1 3  120 2;950 
18 240 4,100 
20 280 I 4,560 
CYCLE #4 CYCLE f4  
3 780 850 
7 830 1 1.760 
12 320 2,770 
16 680 3.750 
3 780 850 
8 270 I 1,860 
12 590 2,830 




19 060 1 4;285 -CYCLE #5 19 660 1 41420 CYCLE #5 I
2 670 I 600 i:; I 770 
6 OM) 1,350 1,530 
9 300 2,090 1 0  630 2,390 
12 540 2,820 14 680 3,300 




CYCLE 16 CYCLE 16 
5 340 1,200 6 320 1,420 
8 500 1,910 9 870 2,220 
11 880 2,670 14 060 3.160 
13 610 3,060 16 010 3,600 
CYCLE #IO CYCLE #10 




CYCLE #6 %-pi- ll 480 2,580 
1 5  790 3,550 
18 150 4,080 
CYCLE #lo 

















100 I T  
150 I T  







770 i 1 1,410 
2,180 
13 210 2,970 
15 120 3.400 
... - ...
6 140 1,380 
9 610 1 2,160 
1 3  340 3.000 
15 120 3.400 
CYCLE #11 CYCLE #11 
I 
CYCLE # l l  





500 I 2 540 1 .,:; B 710 1,060 5 780 1,300 7 290 1,640 9 210 2,070 10 320 2,320 1  72
11 790 2,650 14 810 3,330 
CYCLE #15 CYCLB 1115 





1,850 8 180 
NmW: 
-i?- ‘IT‘ denotes i n s t a l l a t i o n  torque. 
y Bolt-nut assembly t e s t e d  i n  Transducer Controls load c e l l .  
frm Hoseley Autograf Becorder. 823 S e r i e s  n u t s  torqued with 12-point socket.  





IAILI NU. I K IO 
RESULTS OF 15-CYCLE INSTALLATION TCW?UB-TENSION TESTS OF MS 21250 SERIES 
EXTERNAL WRENCHING NEAD ALLOY STEEL BOLTS 
TEST CONDITION: TORQUE FRM Nul 
Bolt Part No.: MS 21250-04024 
DBsIGtl CLAMP LOAD: 24 020 N-tons ( 5,400 Pounds) 
Nut Part No.  : H23-4 
Thread Size: 1/4-28 UNJF-M Nut Material: AMs 63M STEEL 
Bolt Material: 8740 STEEL N u t  Finish: DRY FILM LUBE OVER CAD PLATE 
Bolt Finish: CADMlUn PLATE, PER QQ-P-416, TYPE 11, CLASS 3 Washer Part N o . :  MS 20002124 & t4S 20002-4 


















































50 I T  ti: 1 ;;:'J: 
100 I T  
150 I T  14 190 3,190 
200 I T  18 550 4,170 
220 I T  20 860 4,690 
CYCLE #3 
CYCLE #6 
50 I T  2 890 650 
100 IT 6 140 1,380 
150 IT 9 650 2,170 
290 1~ 13 300 2,99' 
220 I T  14 900 3,350 
CYCLE #10 
50 I T  2 540 570 
100 I T  5 030 1,130 
150 I T  8 270 1,860 
200 I T  11 480 2,580 
220 I T  13 120 2,950 
CYCLE #ll 
I 
50 IT /I :Z 1 530 150 I T  1,840 200 IT 11 560 2,600 100 I T  4 890 1,100 220 IT 12 810 2,880 CYCLE #15 
INDUCED CLAMP LOAD 
Newtons I (Pounds) Newtons I (Pounds 
CYCLE 11 n CYCLE #i 
4 890 I 1.100 1 4 670 1 1.050 
CYCLE #2 11 CYCLE 12 
I 
I 3 420 ; 1 870 1 770 1,73 6 940 1,560 
12 010 2,700 11 120 2.500 
16 190 3.640 15 080 3,390 
18 460 4.150 17 300 3,890 
CYCLE #4 CYCLE & 
----t- 
3 420 1 770 I 2 1; 1 670 
11 080 2,490 10 190 2,290 
15 120 3,400 14 100 3,170 
16 990 3,820 16 100 3,620 
CYCLE I 5  CYCLE #5 
6 940 1,560 1.440 
3 420 1 ,770 i;: 1 ,600 
6 980 1,570 1,310 
11 030 2,480 9 520 2,140 
15 210 3.420 13 260 2,980 
17 300 3 890 14 900 3 350 
CYCLE #6 CYCLE #6 
6 720 1,510 1,290 
10 630 2,390 9 210 2,070 
14 590 3,280 12 720 2,860 
16 680 3.750 14 590 3,280 
CYCLE #10 CYCLE 110 
2 670 530 1 7: 1 1,170 890 ;:: I 
12 010 11 650 2.620 
1 2 000 1 l,$E 2 360 1 530 5 200 1,170 4 45
8 270 1,860 7 210 1,620 
11 700 2,630 10 320 2,320 
13 120 2,950 11 610 2,610 
Newtons (Pounds) N e w t o n s  (Pounds) 
CYCLE #I 11 CYCLE #I 
I H I 
CYCLE #2 1 CYCLE #2  
I 
4 211) 
I CYCLE i CYCLE (14 3 560 800 I 610 1.710 
11 300 




14 010 3;lSO 
CYCLE 111 
5 200 1,170 
1,880 
11 520 2,590 
13 120 2,950 
CYCLE #15 CYCLE 
1,860 
'IT' denotes installation torque. 
Bolt-nut assembly tested in Trannducer Controls load cell. 
frmnoneley Autoglrf Beeorder. H23 Series nuts torqued with 12-point socket. 
Tensile clamp load determined from X-Y cume 
TABLE NO. I K 11 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF MS 21250 SERIES 
EXTERNAL WRENCHING HEAD ALLOY STEEL BOLTS 
TEST -1TION:TGitQUE PRDM BOLT BBAD DKSIGN CL4MP LOAD: 24 020 Newton. (5.400 Pounds) 
Bolt Part No. :MS 21250-04012 Nut Part NO.: H23-4 
Thread Size:  1/4-28 IRNF-3A Nut Material: AMs 6304 STEEL 
Bolt Materiel:8740 STEEL 
Bolt Finish:CAMW PLATE, 99-P-416, TYPE 11, CLASS 3 
Bolt Speciflcatlon: MIL-B-8831 Hale S i z e :  6.452 mm ( 0 254 in . )  
Nut FiniBh: DRY FILM LUBE OVER CAD PLATE 













































[in-lbf) Newtons I (Pounds) 11 Newtons I (Pounds 
CYCLE #1 11 CYCLE #I 
I I 
50 IT 5 030 1,130 4 890 1,100 
100 IT 10 630 2,390 10 140 2,280 
150 IT 16 370 3,680 15 570 3,500 
200 IT 22 060 4,960 20 990 4,720 
220 IT 25 090 I 5,640 23 970 1 5,390 
CYCLE #2 CYCLE #2 
I I 
CYCLE 13 CYCLE 113 
CYCLE #4 
I 
220 IT 11 15 790 I 3;550 11 17 440 I 3;920 
CYCLE #5 (1 CYCLE 65 











1 1 910 1 ,;U: 1 2 540 1 ,570 
4 360 6 090 1,370 
7 120 1,600 9 790 2,200 
11 160 2,510 14 680 3,300 
13 080 2 940 16 350 3 675 
50 IT I 1 780 iz: I 1 910 430 
100 IT 3 830 5 250 1,180 
150IT 6 000 1,350 7 780 1,750 
200 IT 8 980 2,020 10 850 2,440 
220 IT 10 900 2,450 12 810 2,880 
CYCLE #11 CYCLE #11 
5OIT I 1 910 ii: I 1 910 430 
l00IT 3 830 5 250 1,180 
1501T 6 000 1,350 7 780 1,750 
2001T 9 250 2,080 10 850 2,440 
220IT 11 700 2,630 12 810 2,880 
CYUE #15 CYCLE #15 
501T 11 1 910 1 ii: 1 1 780 1 400 
1001T 3 830 4 670 1,050 
1501T 6 270 1,410 7 560 1,700 
200m 9 520 2,140 10 940 2,460 
2201T 12 540 2,820 12 810 2,880 
3 340 
7 160 1 1,:; 1 % 1 
11 030 2,480 11 210 
15 120 3,400 15 480 
17 170 3.860 li  700 
2 980 670 500 2 670 600 
lt t;: :::5: iJi 1 1,220 6 540 1.470 99 10 230 2,300 
14 500 3,260 12 140 2,730 14 140 3,180 




























1,160 I l:;! 1,0601 5 290 1.190 
1,780 1,720 8 180 1,840 
2,440 10 590 2,380 11 480 2,580 
2,750 12 230 2,750 13 080 2,940 
CYCLE X11 CYCLE ill 
970 4 490 1,010 4 450 1,000 
1,530 7 340 1,650 6 670 1,500 
2,100 10 360 2,330 9 960 2,240 
2,510 12 010 2,700, 12 230 2,750 
167 
N m S  
-i7-”IT’ denote. installation torque. 
zf Bolt-nut assembly teated in Tranaducer Control8 load cell. 
frannoseley Autognf Recorder, MS 21250 SerieB bolts torqued with 12-point aocket. 
Tensile clamp load determined fram X-Y curve 
TABLE NO. I K 12 
RESULTS OF 15-CYCLE INSTUTION TOP.QLE-TBNSION TESTS OF MS 21250 Sp\RIES 
B I P T B ~ A L  wnmcnm READ ALLOY STEEL BOLTS 
TEST CQIDITION: TmQm FRCH BOLT HBAD DESIGN CUW LOAD: 24 020 Newtons (5,400 Pounds) 
Bolt  Part No.: MS 21250-04012 Nut Part  No. : ~ 2 3 x 4  
Bolt  Mater ia l :  8740 STEEL 
Bolt F in ish :  CAIMIIlM PLATE. QQ-P-416. TYPE 11, CLASS 3 
Bolt Spec i f ica t ion .  MIL-B-8831 Hole Size: 6.452 on (0.254 in.) 
Thread Size: 1/4-28 uKTp-3A Nut Mater ia l :  MS6304 STEEL 
Nut F in ish :  CADMIM PLATE, TYPE 11, CLASS 3, QQ-P-416 
Washer Part  No.: MS 20002C4 h MS 20002-4 
E 
( i n - l b f )  Newtons 1 (Pounds) 1 Newcons (Pounds 
SPECIHEN NO. S-T704 SPECMEN NO. S-T70 SPECIMEN NO. S-T706 SPECIMEN NO. S-T707 SPECIMEN NO. 
I 
1/ INDUCED U4P LOAD 


































li: ;; : it: 1 1,:: 3 340 750 7 030 1,580 
150 IT 10 540 2.370 10 990 2,470 
200 IT 14 230 3,200 15 120 3,400 
220 IT 16 390 3,685 1 7  080 3,840 
, CYCLE #4 CYCLE #4 
I I 
200 IT 12 990 2,920 14 140 3,180 
220 I T  11 14 990 I 31370 11 16 010 I 3'600 
CYCLE 1 5  CYCLE 65 
100 5  IT 1~ 5 600 1,260 5 250 1,180 
150 I T  8 940 2,010 8 900 2,000 
200 IT 12 410 2,790 12 190 2,740 
220 IT 14 170 3,185 13 610 3,060 
CYCLE #6 CYCLE 66 
CYCLE (10 11 CYCLE 110 
50 I T  2 090 1 470 2 220 500 
100 IT 4 890 1,100 5 070 1,140 
150 I T  7 870 1,770 7 960 1,190 
200 IT 1 0  680 2,400 11 030 2,480 
220 IT 12 230 2,750 12 450 2,800 
CYCLE tll CYCLE #11 
I I 
50 IT /I 2 090 I 470 /I 2 090 I 470 
150 IT 7 870 1,770 7 650 1,720 
200 IT 10 680 2,400 10 500 2,360 
220 IT 12 230 2,750 12 100 2.720 
100 IT 4 890 1.100 4 980 1,120 
Newtons I (Pounds 
ICYCLE 11 
CYCLE #3 I 
16 680 I 3;750 
CYCLE #4 
CYCLE #5 I 
CYCLE #6 
2 220 500 
5 250 I 1,180 
8 360 1.880 
11 740 2,640 
12 810 I 2:880 
CYCLE # l o  -
CYCLE 111 
I 
2 090 470 
5 160 1,160 
8 230 1 1,850 
11 560 2.600 




2 980 670 
6 940 1.560 
CYCLE #6 
8 900 
CYCLE 110 v 




?2: I 1,150 
8 320 1.870 






-i CYCLE 110 
I 
'IT' denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly teb ted  i n  Transducer Controls load c e l l .  Tens i le  elamp load determined from X-Y curve 
from Hoseley Autograf Recorder. MS 21250 S e r i e s  bo l t6  torqued with 12-point socket. 
TABLE NO. I K 13 
RBSULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF Hs 21250 SERIES 
BxTeRNAL WP.FXCHING BBAD AILOY STEBL BOLTS 
L 
TEST CONDIT1ON:TmQLIE FRM BOLT H&zD DESIGN CLAMP LMD: 24 020 Nevtoni (5,400 Pounds) 
Bolt Par t  No. : MS 21250-04024 Nut Part  No.: H23-4 
Thread Sire: 1/4-28 mJp-U Nut nsterisl: AMs 6304 STEBL 
Bolt Uater ia l :  8740 STEEL Nut F in ish :  DEY FILM LUBE OVER CAD PLATE 
Bolt F in ish :  cADMIlE4 PLATE, 99-P-416, TYPE 11, CLASS 3 
Bolt  Spec i f ica t ion .  MIL-B-8831 Hole Size: 6.452 rmn ( 0.254 in . )  


















































SPECIMEN NO. S-T70 SPECIMEN NO. S-T7O9 SPECIMEN NO. S-T710 SPECIMEN NO. S-T711 SPECIMEN NO. S-T712 
INDUCED CLAMP LaAD 
( i n - l b f )  [I Newtons 1 (Pounds) 1 Newtons I (Pounds) H Newtons I (Pounds 






100 I T  
150 IT 
200 I T  
220 IT -- 
CYCLE #2 CYCLE 12 CYCLE12 
50 IT 3 690 830 3 110 700 3 870 870 
100 I1 7 830 1.760 7 030 1,580 8 720 1,960 
150 IT 11 830 2,660 11 480 2,580 13 520 3,040 
200 I T  16 680 3,750 15 830 3,560 18 680 4,200 
220 IT 19 170 4,310 1 7  790 4,000 21 040 4,730 
CYCLE 13 CYCLE #3 CYCLE 83 
I I I 1 
220 IT 11 16 770 I 31770 11 16 150 I 31630 11 18 860 I 4:240 
CYCLE #4 CYCLE #4 CYCLE #4 
3 110 1 700 50 IT I 2 800 1 630 2 980 1 670 100 IT 6 410 1,440 6 000 1,350 6 630 1,490 150 IT 10 270 2.310 9 610 2.160 i n  son 2 360 
200 IT 14 190 3;190 12 900 2'900 14 410 3:;40 
220 IT 15 830 I 3,560 14 860 1 31340 16 640 I 3,740 
CYCLE #5 CYCLE #5 11 CYCLE 1 5  
50 IT 600 2 670 600 2 670 600 
100 IT 0 I 1,340 5 520 1,240 5 780 1,300 
150 IT 2,080 8 810 1,980 9 070 2,040 
200 IT 12 900 2,900 12 230 2,750 12 590 2,830 
220 IT 14 860 3,340 13 660 3,070 14 460 3,250 
CYCLE #6 CYCLLE 16 CYCLE #6 
I I 1 
50 I T  2 450 550 600 
100 IT 5 250 1,180 % 1 1,;:; % I 1,300 
150 IT 8 320 1,870 7 960 1,790 8 810 1,980 
200 IT 11 650 2,620 11 300 2,540 12 450 2,800 
220 IT 13 660 3,070 12 630 2,840 14 680 3,300 
CYCLE 110 mas  # i o  CYCLE 110 
50 IT 2 220 500 2 090 470 2 220 500 
100 IT 4 580 1,030 4 450 1,000 
150 I T  7 210 1 1,620 7 070 1,590 I ::% 
200 IT 10 100 2,270 9 830 2,210 11 210 2,520 
220 IT 11 560 2,600 11 250 2,530 12 720 2,860 
a a E  #ii CYCLE 111 CYCLE U 1 1  
I I 1 
1; 
11 2 000 1 ;;: I 2 090 I 470 I 2 220 I 500 
4 360 4 450 1,000 4 850 1,090 
150 IT 6 940 1.560 6 890 1.550 7 560 1.700 
ZOOIT 9 520 2;140 9 650 2-170 1 0  540 2;370 
220 IT 11 250 I 2,530 11 250 I 2:530 12 230 I 2,750 ' 
CYCLE 115 CYCLE t 1 5  CYCLE #15 
50 I T  1 910 430 1 910 430 2 090 470 
1OOIT 4 230 950 4 OOO 900 4 670 1,050 
150 IT 6 540 1,470 6 320 1,420 7 290 1,640 
200 IT 9 210 2,070 8 9W 2,000 10 230 2,300 
220IT 11 160 2,510 1 0  540 2,370 12 230 2,750 
Newtons IIPounda) I Newtons I (Pounds) 
CYCLE #1 I CYCLE #l  
1 
CYCLE 1 3  1 CYCLE Ir3 
1 1 
3 110 
7 160 1 1,:; I :;: I 1,:; 
11 340 2,550 11 740 2,640 
15 830 3.560 16 240 3.650 1 
2 360 1 ,530 I 2 670 1 ,,:Ill 
5 380 1,210 6 360 1,430 
8 810 1,980 1 0  100 2,270 
12 320 2,770 14 140 3.180 
14 050 3 160 16 120 
'IT'  denote. i n a t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  in Transducer Controls l a d  c e l l .  
from Iloseley Autognf  Becorder. 
Tenaile clamp load determined f r a  X-P curve 
MS 21250 S e r i e s  b o l t s  torqued wi th  12-point socket. 
16 9 
TABLE NO. I K 14 
BBSULTS OF 15-CYCLB INSTALLATION TORQm-TENSION TESTS OF MS 21250 SERIES 
gxTgawAL !dRENcBING HEAD ALLOY STEEL BOLTS 
17 0 
DESIGN cwllp La4D: 24 020 Newtons ( 5,400 Pounds) TEST CCNDITION: TORQLIE PRQI BOLT HEAD 
Bolt Part No. : MS 21250-04024 Nut Part NO. : 1123% 
T h r e a d  Sire: 1/4-28 UNJF-3A Nut Material: AMs 6304 STEEL 
Bolt Material: 8740 STEEL Nut Finish: -lit4 U T E ,  TYPE 11, CLASS 3, 'Q9-P-416 
Bolt Finish: cADMlR4 PLATE, QQ-P-416, TYPE 11, CLASS 3 washer Part No. : MS 2Ow2C4 h MS 20002-4 



















































150 IT 11 650 2,620 
200 I T  15 480 3,480 
220 IT 17 300 3,890 
CYCLE #4 
CYCLE 15 
100 I T  1,280 
150 I T  9 210 2,070 
200 I T  12 630 2,840 
220 IT 14 010 3,UO 
CYCLE W 
570 I fi 1 1,260 
200 I T  12 630 2,840 







2 220 I 500 
1 -  
CYCLE 115 
Newtons I (Pounds)! Newtons 1 (Pounds 
CYCLE #l 1 CYCLE #l 
I I I 3 870 1 2,zl: 4 580 1,030 10 320 2,320 9 16
16 190 3,640 14 460 3,250 
21 840 4,910 19 570 4,400 
24 290 5,460 21 800 4,900 
CYCLE #2 CYCLE I2 
CYCLE #3 
CYCLE 114 11 CYCLE 114 
I ,I 
570 i :;: 1 1,::: 1 i I 1,370 
10 320 2,320 9 700 2,180 
14 100 3,170 13 330 2,990 
15 790 3.550 14 990 3.370 
CYCLE 115 CYCLE #5 
6 230 1,400 5 600 1,260 
9 740 2,190 8 540 1,920 
13 300 11 880 2,670 
14 990 3,370 13 700 
CYCLE 16 CYCLE 26 
2 670 
CYCLE #lo CYCLE #10 
I 11 740 I 10 630 2;390 2;640 
12 010 2,700 13 340 3,000 
CYCLE 111 CYCLE #11 
1 780 530 
9 960 
10 9 w  
Newtons I (Pounds) 
CYCLE X I  
CYCLE #2 
CYCLE #4 
2 wn 470 
6 230 1 1,400 10 140 2,280 14 280 3,210 16 370 3.680 
1 -  
CYCLE 15 
1 910 430 
5 690 I 1,280 
9 210 2.070 
13 210 2;970 
15 120 1 3.400 
CYCLE X6 
1 780 400 
CYCLE 1.10 
1 650 370 





Newtons I (Pounds) 
CYCLE #I I CYCLE #2 
I CYCLE #3 
CYCLE 114 
CYCLZ 5 _I_ CYCLE #6 
T CYCLE #10 
1 CYCLE 111 
T CYCLE 115 
' IT'  denote. installation torque. 
Bolt-nut assembly tested in Transducer Control. load cell. 
franMoseley Autograf &corder. US 21250 Series bolt8 torqued with 12-point eocket. 
Tealile el- load determined frcm X-Y curve 
TABLE NO. I K 15 
RESULTS OF 15-CYCLE INSTALIATION TCSQLIE-TENSION TESTS OF MS 21250 SERIES 
EXTERNAL WRENCHING HEAD ALLOY STEEL BOLTS 
DBSIGU CLWP LOAD: 56 710 Uevtona ( 12,750 Pounds) TEST CUIDITITION: TOUQLIE PROM w1: 
Bolt Part  NO.: MS 21250-06030 Nut Par t  No.: ~ 2 0 - 6  
Thread Sire: 3/8-24 UNJF-3.4 Nut Mater ie l :  AMs 6304 STEEL 
Bolt M t e r t a l :  8740 STEEL 
Bolt  F in ish :  uMlM PLATE, e -P-416,  TYPE 11, CLASS 3 
Bolt  Spec i f ica t ion :  MIL-B-8831 Hole Size: 9.525 mn ( 0.375 in.) 
Nut F in ish :  DRY FILM LUBE OVER CAMIUn PLATB 
Washer Part  NO.: HS 20002C6 h MS 20002-6 















































( i n - l b f )  
150 IT 
300 I T  
450 IT 
600 I T  
675 I T  
150 I T  
300 I T  
450 IT 
600 I T  
675 IT 
150 IT 
300 I T  
450 IT 
600 I T  




600 I T  
675 IT 
150 IT 








675 I T  -
150 IT 
300 I T  
450 IT 
600 I T  
675 IT 
150 IT 
300 I T  
450 I T  
600 I T  
675 IT - 
150 IT 
300 IT 
450 I T  
600 I T  
675 IT - 
SPECIMEN NO. S-T71711 SPECIMEN NO. S-T718 SPECIMEN NO. S-T719 SPECMEN NO. S-T720 SPECIMEN NO. 
INDUCED CLAMl LOAD 
Newtons 1 (Pounds) 1 Nevtons I (Pounds) I Newtons I (Pounds) 
CYCLE 11 n CYCLE #I CYCLE 11 
2 1 2::: 1 :: 2: 1 ;:E I 2 ;;: 1 2:;: 
31 670 7.120 34 780 7.820 32 430 7.290 
43 230 9;720 45  500 10;230 42 570 9;570 
49 420 1 11,110 52 800 1 11,870 1 49 950 I 11,230 
CYCLE 82 CYCLE C2 
CYCLE #3 II CYCLE 13 n CYCLE 13 
I I1 I I I 
7 830 1 1.760 1 7 830 I 1,760 11 8 500 1 1,910 
16 320 3,670 16 680 3,750 1 7  210 3,870 
25 530 5.740 24 290 5.460 26 330 5.920 
34 960 7 860 32 690 7 350 35 360 2;950 
39 goo I 8ig7o H 37 990 I , ! s o  I 40 390 I 9.080 
CYCLE 14 11 CYCLE $4 
6 760 1.520 6 940 1.560 7 740 1.740 
1 5  080 3;390 14 900 3;350 16 100 3;620 
23 310 5,240 22 640 5,090 24 150 5,430 
32 470 7,300 30 780 6,920 32 870 7,390 
37 500 8,430 36 160 8,130 38 340 8,620 
" 
CYCLE 1 5  CYCLE 15 CYCLE X5 1 1,425 6 890 I 1,550 I 6 320 I 7 120 I 1:600 
15 120 3,400 13 660 3,070 15 610 3,510 
23 570 5,300 21 530 4,840 24 150 5,430 
33 050 7,430 29 710 6,680 33 360 7,500 
38 030 8,550 34 340 7,720 38 830 8 730 
CYCLE 16 11 CYCLE #6 11 CYCLE 16 
6 270 1,410 I 5 780 I i;.:: 1 6 540 
14 370 3,230 13 120 14 950 
22 330 5,020 20 150 4,530 23 400 
31 040 6,979 28 110 6,320 31 450 
35 760 8.040 32 740 7,360 36 920 8,300 
CYCLE 110 CYCLE (10 CYCLE # l o  
 I ,  1   1,300   1 1,470 
.  2.950 3.360 
1 11 
5 250 1 1,180 1 5 430 1 1,220 I ', 740 1 1,290 
11 920 2,680 11 740 2,640 13 080 2,940 
19 170 4,310 18 860 4,240 20 240 4,550 
26 820 6,030 25 890 5,820 28 380 6,380 
31 360 7.050 30 600 6.880 33 050 7.430 
I 1,200 4 310 1 970 /I 5 340 I 5 120 1 1,150 
1 0  720 2,410 1 2  410 2,790 12 050 2,710 
17 480 3,930 19 790 4,450 18 730 4,210 
23 930 5,380 27 270 6,130 26 110 5,870 
28 110 6,320 31 890 7,170 30 820 6,930 
Newtons I (Pounds) 
CYCLE # l   
CYCLE (12 
15 520 3,490 
24 600 5,530 
33 490 7,530 
38 920 8,750 
CYCLE #4 
CYCLE I S   






4 5801 ;:mi 
11 160 2,510 
18 370 4,310 
25 310 5,690 
30 070 
Iewtons I (Pounds] 
CYCLE 110 
CYCLE~111 
'IT' denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly res ted  i n  Tr6nsducer Control8 load c e l l .  
f r a n o a e l e y  h t o g r a f  Recorder. 
Tensile clamp load determined fram X-Y curve 
820 Ser ies  nu ts  torqued with ??-point socket. 
171 
TABLE NO. I K 16 
BgSLETS OF 15-CYCLE INSTALWIGN TOBQUE-TENSIOII TESTS OF MS 21250 SERIES 






TEST C(MIITI0N: TOaQm pBoH NUT D g S I m  CLAMP LWU: 56 710 NevtollS ( 12,750 Pounds) 
Bolt Part No.: MS 21250-06030 Nut Part No.: ~20-6 
Thread Size: 3/8-24 m-3~ Nut Material: AHS 6304 STEgL 
Bolt Material: 8740 sT~a Nut Finish: DRY FILM L W E  OVER CALWIW PLATE 
Bolt Finish: CAMIlM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Specification: MIL-B-8831 Hole Size:  9.627 m ( 0.379 in.) 
Washer Part No.: MS 20002C6 d MS 20002-6 
1,360 6 580 1,480 6 180 1,390 6 760 1 1,520 6 890 1,550 
3,210 14 544 3,270 14 140 3,180 15 260 3,430 15 570 3,500 
4,980 21 800 4,9W 21 440 4,820 23 890 5,370 23 260 5,230 
6.820 33 670 7,570 29 940 6.730 33 450 7,520 32 070 7,210 




































1,040 6 410 1,MO 5 740 1,290 I 5 070 1,140 4 4W 990 
2,610 14 460 3,250 13 210 2,970 12 990 2,920 11 300 2,540 
4,180 21 440 4,820 19 710 4,430 21 620 4,860 18 100 4,070 
5,770 30 470 6.850 28 290 6,360 29 980 6,740 24 730 5,560 



























































300 I T  
450 IT 







CYCLE 12 CYCLE 12 u CYCLE 12 I CYCLE #2 CYCLE 12 
32 290 26 110 
31 360 , . II I ' I  I '  
I U I n 
CYCLE #15 n CYCLE #is 8 CYCLE 115 ! CYCLE 115 0 CYCLE 115 
'IT' denotes in#tallation torque. 
Bolt-nut as8e1nbly tested in Transducer Controls load cell. 
fraKoo.eley hutogrsf Recorder. 
Tensile clamp load determined f r a  X-Y N- 
H20 Series nuts torqued with 12-point socket. 
9 \
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0 TABLE NO. I K 17 ILI(sULTS OF 15-CYCLE INSTALLATION TOPQDE-TWISIOR TESTS OP KS 21250 SERIES 
EXTERNAL WRBNCNINC U ALLOY STEXL BOLTS 
TEST CONDITION: TOPQVB PBDH NW 
Bolt Part No,: EIS 21250-06030 
DBSIOR CLAMP LWD: 56 710 Nevtons ( 12,750 Pounds) 
Nut Part No.: HZO-6 
Thread Sire: 3/8-24 m ~ p - 3 ~  Nut Naterial: Ans 6304 STEEL 
Bolt Material: 8740 STBEL 
Bolt Finish: CAMIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Specification: MIL-B-8831 Hole S i z e :  9.906 ll l ~  (0.390 in.) 
Nut Finish: DRY FILM LUBE OVER CADMIUM PLllTB 




















































































450 I T  
600 I T  
675 IT -
150 I T  
300 IT 




300 IT  
450 IT  
600 I T  
675 IT -.. . 
INDUCED CWLMP LQ4D 
Newtons I (Pound, 
CYCLE Xl 
CYGLB c2 
CYCLE #4  
CYCLE 15 
6 540 1,470 
14 630 3,290 
22 600 5,080 
30 420 6.840 
35 810 I 8;050 
v CYCLE (16 
CYCLE 110 
 
5 830 1,310 
13 210 2,970 
20 150 4,530 
27 670 6,220 
32 110 7.220 
I .  
CYCLE 111 
 
5 600 1,260 
12 500 2,810 
19 530 4,390 
26 820 6,030 
31 450 7.070 , -  
CYCLE #15 
. .  
6 320 1,420 7 380 1.660 
13 970 3,140 15 660 3,520 
21 440 4.820 23 930 5,380 
29 400 6.610 32 250 7,250 
33 980 7,640 37 230 8,370 
I I 
CYCLE 14 CYCLE #4 
27 890 6.270 32 830 7;380 
32 380 7,280 37 810 8,500 
CYCLE #5 CYCLE #5 
12 990 2,920 14 140 3,180 
20 950 4,710 22 020 4,950 
28 510 6,410 30 110 6,770 
CYCLE 16 
5 250 I L4:' 1 5 870 1 ::31 
21 370 13 480 3,030 
19 660 4.420 21 260 4,780 
26 820 6,030 29 050 6,530 
31 360 7,050 34 030 
C Y a g  #lo n #io 
24 110 5,420 25 310 5;690 
28 160 6,330 29 620 6,660 
CYCLE 111 CYCLE 111 
4 670 1,050 4 890 1,100 
LO 850 2,440 11 790 2,650 
17 350 ! 3.900 18 950 4,260 
13 970 5.390 25 930 5,830 
18 160 I 6,330 30 470 6,850 
CYCLE #15 CYCLE #I5 
4 270 960 4 630 1.040 
LO 050 2.260 11 250 2,530 
16 150 3.630 17 790 4,000 
12 330 5.020 24 640 5.540 
16 110 5,870 29 050 6,530 
10 500 2,360 
21 080 4,740 
31 710 7,130 
42 480 9.550 
49 190 11.060 
CYCLE C2 
 
15 830 3,560 
23 930 87 I 5.380 1'77
CYCLE (3 
7 030 1 580 :l rL3 1 3:380 
5,170 
31 000 6,970 
36 160 8,130 
 
CYCLE 14 




CYCLE 12 7- 
CYCLE X3 
 





CYCLE #11 7- 
'IT' denotes inatallition torque. 
Bolt-nut .meably tented i n  Transducer Controls load cell. 
from Mo#eley Autopi€  Pacorder. 
Tensile cl.mp load determined frrm X-Y curve 
UZO Series auto torqued with 12-point soclret. 
17 3 
TABLE NO. I K 18 
PBSLWES OF 15-CYCLE INSTALLATIOLI TOWLIE-TENSIOLI TESTS OF PIS 21250 S E R B  
BxTgRNAL WaBNCtfING HEAD ALLOY STEEL BOLTS 
TEST CUXIITIOLI: TORQUB PRDH N W  DBSIGn MElp LMD: 56 710 Newtons ( 12,750 Pounds) 
Bolt  Part  No.: Ns 21250-06030 Nut P a r t  NO.: %?ox6 
Thread Size: 3/8-24 Imn-3~ , 
Bolt U a t e r i a l :  8740 STEEL 
Bolt Finish: WIIN U T E .  QQ-P-416, TYPE 11. CLASS 3 
Nut U a t e r i d :  AUS 6304 STEEL 
Nut Finish: 
Wanher Par t  NO.: MS 20002C6 6 IIS 20002-6 
CADXU34 PLA'l'F., QQ-P-416, TYPE 11, CLASS 3 




















































150 I T  
300 IT 




7 2 5  T T  
50 32 290 7;260 
-_ _ _  40 790 I 9,170 41 140 9,250 














5 0 0  
725 - :I 1 I 3 420 1 2,z 1 l: ;;; 1 ,870 
t50 IT 14 950 3,360 16 240 3,650 
21 390 4,810 22 730 5,110 
'25 IT 30 470 6,850 30 250 6 800 
IO0 IT 8 900 2,270 
~ 
M LQAD 
Newtons I (Pounds) I Newtons I (Pounds) 1 Newtons I (Pounds1 
CYCLE #l I CYCLE 111 I CYCLE d l  
1 1 1 n 1 
44 210 I 9;940 1 46 840 1 10;530 1 
CYCLE #2 1 CYCLE #2 I CYCLE 112 
CYCLE 211 1 CYCLE #11 CYCLE 111 
1 
CYCLE A 5  f CYCLE 215 
'IT' denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly temted i n  Transducer Controls l M d  cell. 
f r m  m e l a y  Autograf Peeorder. 
Tensile clamp 1Md determined from X-Y curve 
E¶O S e r i e s  nuts  torqued with 12-point socket. 
174 
TABLE N 0 . I  K 19 
WULTS OF 15-CYCLE IIiSWILATIcN TORC&IG-ON TESTS OF MS 21250 SERIES 
EXTERNAL MXBNQIING K8AD ALLOY STEKL BOLTS 
TEST CONDITION: TORQUB PRDM m DESIGU CLkW LOAD: 56 710 Newon# (12,750 Pounds) 
Bolt Part No.: Hs 21250-06030 Uut Part No. : 1120x6 
Thread Siae: 3/8-24 m - 3 ~  Nut Naterial: I\MS 6304 STEEL 
Bolt Material: 8740 STEgL 
Bolt Finish: CUMIUrl PLATE, QQ-P-416. TYPE 11. CLASS 3 
Bolt Specification: ~ 1 ~ ~ 4 3 8 3 1  Hole Size: 9,627 ran ( 0.379 in.) 
Nut Finish: CME(IM PLATE, 99-P-416, TYPE 11, CLASS 3 




























































725 I T  
PT 
150 I T  
SO0 I T  



















150 I T  
300 IT 
450 IT 









725 I T  
PT 
150 I T  







300 I T  
450 IT 
600 IT 




450 I T  
600 I T  
725 IT -
I n I 
SPECIMEN NOSOT734 SPECIMEN NO.S-T735 SPECWN NO. S-T73 SPECIMEN NOS-T737 SPECIMEN NOS-T738 
INDUCED CLAW LOAD 
Newtona I (Pounds: 
-Y-- 









10 590 2,380 




31 850 I 7;160 
CYCLE #15 
I 27 360 28 240 j 6;350 j 6;150 
38 700 8;700 36 780 8,270 
49 730 11,180 47 770 10,740 
CYCLE 12 CYCLE 1 2  
6 810 1.530 7 610 1,710 
17 390 3,910 17 040 3,830 
26 510 5,960 25 750 5,790 
41 010 9,220 34 610 7,780 
50 660 11,390 45 460 10,220 
I I 
CYCLE 13 CYCLE 13 
4 630 ! 1,040 
CYCLE 14 CYCLE U4 1 
6 810 ilS3: 14 720 3,310 1  19
24 460 5.500 24 820 5,580 
37 450 8,420 33 490 7,530 
45 370 10,200 43 810 9,850 
42 570 I 9;570 1 43 950 I 9;880 
I I1 I 
CYCLE #5 n CYCLE 15  I 5 830 1 3 830 I 860 1,310 
11 030 2,480 14 460 3,250 
20 590 4,630 22 770 5,120 
29 760 6,690 31 000 6,970 
39 320 8,840 40 700 9,150 
4 140 I 930 11 4 000 I 900 
10 320 2,320 10 680 2,400 
17 120 3,850 17 660 3,970 I 24 510 1 25 980 1 5,840 5,510 
34 780 7,820 33 320 7.490 
Newtona ICPounds) 1 Newtons I (Poundal 
C Y U E  #I 1 CYCLE #I 
I A I 
8 100 1,820 9 340 2,100 
1 7  880 4,020 18 950 4,260 
27 090 6,090 27 670 6,220 
37 270 8,380 37 940 8,530 
48 750 10,960 49 060 11,030 
I n I 
CYCLE #2 n CYCLE #2 
y3 1 1,580 I 7 1601 1,610 
3,620 16 500 3,710 
5,580 25 130 5,650 
33 760 7.590 36 340 8,170 
44 170 9,930 43 280 9,730 
CYCLE #3 CYCLE 83 
5 920 I 1,330 I 7 1201 1,600 
14 100 3.170 16 460 3.700 
CYCLE #4 1 CYCLE 114 
38 250 I ai600 I 39 0501 8;780 
CYCLE X5 n CYCLE x5 1 1 . 2 0 0 1  5 340 5 6501 1,270 
12 990 2,920 1 2  370 2.780 
20 370 4,580 19 790 4,450 
29 Mx) 6,520 27 760 6,240 
38 960 8,760 38 160 8,580 
CYCLE #6 I CYCLE #6 
I 
4 540 I ;:;;;I 4 5401 1.020 
12 540 11 250 2,530 
20 280 4.560 19 300 4.340 
28 110 6'320 27 090 6 090 
36 960 I 813101 36 5201 8i210 
CYCLE #10 ! CYCLE #lo 
1; E: I 2,:1 1: :I 2,;: 
1 7  570 3.950 1 7  040 3.830 
'IT' denotes i n a t d l a t i o n  torque. 
Bolt-nut aaaembly teeted in  TraMducer Cantrolm lwd cel l .  
from Mosaley Autograf Recorder. 
Tenaile clamp l o r d  determined from X-Y curve 
HZ0 Seriee nuts torqued with 12-point socket. 
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TABU NO. I K 20 
8aSuLTS R 15-CYCLE INSTALL#l'ION TcscgvS-T%NSION TESTS OP MS 21250 SERIES 
BXT- MXET3RNG REAU ALLOY STEEL BOLTS 
TEST CQIDITION: ~mpw ~ B M  DESIGN CLAMP LOAD: 56 710 N e M O n l  ( 12,750 Pounds) 
Bolt Part No.: 21250-06030 Nut Part No.: ~20x6 
Thread Size: 3/8-24 m-3~ Nut Material: ms 6304 STEEL 
Bolt Material: 8740 sm~gl Nut Finish:  CACHXM PLATE, QQ-P-416, TYPE 11. CLASS 3 
Bolt SpecificatLon: MIL-B-8831 Hole Size: 9.906 w ( 0.390 in . )  
Finish: CAMIW PLATE, gg-P-416, TYPE 11, CLASS 3 Washer Part NO. : MS 20002C6 h MS 20002-6 
81.91 725 IT 
16.95 150 IT 
33.90 300 IT 
50.84 450 IT 
67.79 600 IT L81.91 725 IT 
I m  
SPECIMEN N0.S-T739 SPEC- NO.S-T74( 
(Pounds) I Newtons I (Pounds) 
INDUCED 
Newtons 
CYCLE #1 n CYCLE41 
I I 
I 6 141 5 290 1,190 1,380 I 5 740 12 280 2,760 13 480 3.030 12 770 2,870 19 390 4,360 20 770 4,670 20 100 4,520 26 780 6,020 28 200 6,340 27 400 6,160 33 890 7,620 37 590 8,450 35 630 CYCLE #4 CYCLE 4 CYCLE #4 I ! 





CYCLE 82 I 
16.95 150 IT 5 340 1,200 5 0701 1,140 4 800 1,080 
33.90 300 IT 12 230 2.750 12 320 2,770 11 740 2,640 
50.84 450 IT 19 480 4,380 19 220 4,320 18 370 4,130 
67.79 600 IT 27 130 6,100 26 600 5,980 24 860 5.590 
81.91 725 IT 34 290 7,710 35 450 7,970 33 450 7,520 
CYCLE C5 CYCLE #5 CYCLE #5 
PT I I I 
16 95 150 IT 4 850 1,090 4 890 1,100 4 670 1,050 
331901 300 IT 11 480 2,580 11 700 2.630 11 560 2,600 
50.84 450 IT 18 150 4,080 18 330 4,120 18 240 4,100 
67.79 600 IT 25 130 5,650 25 490 5,730 25 130 5,650 
81.91 725 IT 33 050 7,430 33 630 7.560 33 320 7,490 
CYCLE C6 11 CYCLE 16 11 CYCLE U6 
I I, ._ 
16.95 150 IT 4 581 1,030 4 890 1,100 4 670 1,050 
33.90 300 IT 10 990 2,470 11 7001 2,630 
50.84 450 IT 16 720 3.760 18 330 4,120 ;; ;;: 1 3,810 2 45
67.79 600 IT 22 770 5,120 25 490 5,730 23 000 5,170 
81.91 725 IT 30 470 6,850 33 63Q 7.560 I 31 490 7.080 
CY= 110 11 CYCLE 110 11 CYCLE #lo I PT II I II 1 I 
16.95 150 IT 870 4 230 950 4 230 950 
33.90 300 IT 9 650 2,170 9 560 2,150 
50.84 450 IT 15 210 3,420 15 610 3.510 14 900 3,350 
67.79 600 IT 20 370 4,580 21 570 4.850 21 130 4,750 
81.91 725 1" 27 O W  6,070 29 530 6,640 28 160 6,330 
:;i 1 2,040 
v'ITT' denote. installation t m u e  
CYCLE #l I 
CYCLE # 
6 810 1 
15 080 3.390 
23 710 5,330 




12  500 2,810 
15 030 3,380 





CYCLE t u  




CYCLE X1 I CYCLE #2 
I- CYCLE #3 
I CYCLE #4 




CYCLE 110 I CYCLE #I1 -r CYCLB 115 
. -  2 Bolt-nut assembly tested in Transducer Controls load cell. 
f r e  Moseley Autograf Recorder. 
Tenaile clam# load determined from x-Y c u m  
N20 Series nuts torqued with 12-point socket. 
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DESIGN CLAM? LMD: 56 710 Newtons ( 12.750 Pounds) 
Nut Pact NO.: 820-6 
Nut Material:  ABS 6304 STEEL 
Nut F i n i s h :  
Washer Part No. :  MS 20002C6 h MS 20002-6 
Hole S i z e :  9,627 rm ( 0.379 in.) 
DPX CIU4 LUBE OVER CAWM PLATE 
SPECIHEN NO.S-T745 SPECWN NO. ST746 SPECIMEN No.S-T747 
MP LOAD 
Newtons I (Pounds) 1 Newtons 1 (Pounds) I (Pounds) 1 Newtons 
CYCLE #I I CYCLE #l 1 CYCLE #1 
I I 1 1 
TOROUE 




N~ (in-lbf) Newton8 I (Pounds 
CYCLE #1 
I 
8 810 1,980 
18 240 4,100 
27 OW 1 6,070 
35 810 8,050 
48 660 10,940 
CYCLE #2 
14 060 3,160 
22 420 
29 490 6,630 
41 860 9,410 
CYCLE (13 
5 340 I 1.200 
1,720 
16 370 3,680 1:; 1 5,550 
32 780 7.370 
44 840 10.080 
16.95 153 IT 7 870 1,770 
33.90 300 I T  17 930 4,030 
50.84 450 IT 27 090 6,090 
67.79 600 IT 34 210 7,690 
90.39 800 I T  46 930 10,550 
CYCLE #Z CYCLE 12 
150 IT 
90.39 800 I T  36 470 I 8;200 
CYCLE 13 
33.90 305 I T  12 190 2.740 
50.48 450 IT 18 860 4,240 
67.79 600 I T  26 200 5.890 
90.39 800 I T  34 340 7,720 
CYCLE i% 




4 670 1,050 4 980 1,120 
11 520 2,590 12 500 2,810 
1 7  880 4,020 19 840 4,460 
24 060 5,530 27 710 6,230 
33 800 7,600 39 630 8,910 
-.--- 
13 030 2,930 
20 990 4,720 
27 530 6,190 
40 480 9.100 
CYCLE #4 I CYCLE N4 1 CYCLE #4 I CYCLE #4 
16.91 150 I T  // l; y3 1 2,;&: 
33.90 300 IT 
50.48 450 IT 16 010 3.600 
67.79 600 IT 22 680 5,100 
90.39 800 I T  32 030 7,200 
4 360 1 980 I 4 180 1 940 1 3 340 1 750 10 540 2,370 11 080 2.490 9 740 2,190 16 550 3.720 18 680 4.200 16 010 3.600 
25 130 5;650 
37 450 I 8,420 
CYCLE 1 5  
35 580 
v CYCLE #b 
23 040 I 51180 21 820 I 51580 11 22 1501 41980 
32 250 I 7:250 \ 37 320 I Si390 1 32 7401 7;360 














CYCLE #10 1 CYCLE #IO C Y U E  #lo 
CYCLE #11 




600 I T  
803 IT 
860 %I 2,150 
15 570 3.500 15 170 3.140 






21 620 4;860" 21 080 4;740 
31 490 7,080 30 020 6,750 
CYCLE #ll CYCLE #ll 
3 7ao 850 3 780 850 
CYCLE #ll 
3 380 760 150 IT 
300 IT 
450 IT 
boo I T  
803 I T  -
8 9m 2,010 
15 260 3,430 
21 080 I 4,740 
32 830 7.380 
9 430 1 :: 
15 210 3,420 
21 710 4,880 
30 420 
9 470 2,130 9 340 2 ,103  
15 700 
21 750 1 1; %I 
31 400 7.060 29 180 6,560 
1 .  
CYCLE 115 
1 
1 II 1 
CYCLE 115 CYCLE #15 CYCLE #15 
3 110 700 
13 700 3,080 
19 390 4.360 
8 540 I 1,920 
30 070 I 61760 30 250 I 61800 29 090 I 6:540! 1 
Y'IT' denotes f n s t a l h t i o n  torque. 
21 Bolt-nut assembly t e s t e d  i n  Transducer Controls load cell .  
Indicator.  
Tens i le  c h a p  load determined from RBI Strain  
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TEST CONDITION: TORQUE FMW B a T  XENl D E S I a  CLAMP L W :  56 710 IWma ( 12,750 Pounds) 
Bolt Par t  No.: EIS 21250-06030 Ikt Par t  NO. : HZ0116 
Thread Size: 3/8-24 IJNJF-~A Llut Material:  MS 6304 ma 
Bolt Mater ia l :  8740 STBBL Nut Finish: CAMIM Y T E ,  Q9-P-416, TYPE 11, CLASS 3 
Bolt Finish: CADHIW PLATB. QQ-P-416, TYPE 11, CLASS 3 uaaher Par t  NO.: MS 20002C6 6 XS 20002-6 
Bolt Seecification: ~ 1 ~ - ~ - 8 8 3 1  Hole Size: 9.627 P ( 0.379 in.) 
16.95 150 IT 
33.90 300 IT 
50.84 450 IT 
67.79 600 IT 
96.m 850 IT 
67.79 600 IT 
96.04 850 IT + 
16.95 150 KT 
33.90 300 IT 
50.04 450 I T  
67.79 600 I T  
6 410 I 1.440 I 7 120 1 1,600I 7 160 I 1,610 
11 650 2,620 14 810 3.330 13 520 3,WO 
16 640 3.740 21 170 4.760 19 970 4.490 
29 090 6;%0 27 OOO 6;070 
10,170I 42 080 I 9,460 23 620 38 610 I ~~~~~ I 45  240 I 
CYCLE #Z CYCLE 12 I CYCLE #2 
2 Y40 
13 I :::5: 1 a 500 I a ;40 I 1,830 12 85  12 850 2,890 
1 7  3on 3.090 19 350 4.350 I 7  790 4.000 
25 840 1 5.81 
2 890 650 3 020 b80 2 890 650 
6 360 1.430 7 520 1.690 7 160 1.610 
10 320 2,320 12 810 2,880 11 880 2,670 
16 900 3.800 17 930 4,030 1 7  080 3,840 
25 040 5.630 27 490 6,180 26 380 5,930 
T I I T '  denotes i n s t a l l a t i o n  torque. 
3 Bolt-nut assembly t e s t e d  in Transducer Control# load cell. 
Indica tor .  
Tenmile c l q  l oad  determined from RBI S t r a i n  
TABLE NO. I K 23 
RESULTS OF 15-CYCLE INSTALLATIW TOR@LIE-TENSION TESTS OF MS 21250 SERIES 
EXTERNAL WRENCHING HEAD ALLOY STEEL BOLTS 
TEST COLIDITION: TORQLIE FRCH m DESIGN CLAW UYLD: 102 300 Newtmi ( 23,000 Pounds) 
Bolt  Par t  No. : 21250-08024 tiut P a r t  No.: H20-8 
Thread Sire: 1/2-20 m-3~ Nut Nater ia l :  AElS 6304 STEEL 
Bolt HOteri.1: 8740 S T a  Nut Finish: DRY PILn LUBE OVER CAMIlM PLATE 
Bolt Finish: CAMM PLATE, Qp-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion :  ~ ~ - ~ - 8 8 3 1  Hole Size: 12.700 rmn ( 0.500 in.) 















40.67 360 IT 
81.35 720 IT 






176.26 1560 IT 






40.67 360 IT 
81.35 720 IT 







SPEC- NO. ST753 SPECIUEN NO. S-T7 
INDUCED CLAMP LOAD 
2,670 12 100 2,720 11 790 2,650 
5.740 25 400 5,710 25 840 5,810 
9,870 43 230 9,720 45 150 10,150 
12.930 57 020 12,820 59 290 13,330 
16,165 70 720 15,900 74 280 16,700 
CYCLE #4 CYCLE #4 CYCLE #4 
I I I I 
58 940 I 13;250 1 56 5801 12;720 1 55 3801 12;450 
CYCLE 111 n CYCLE 111 ! CYCLE 111 
I 9 3401 7 210 I 1,620 2 , l W  1 8 1 0 1  1,820 17 530 3,940 19  930 4,480 17 970 4,040 32 110 7,220 35 180 7,910 31 710 7,130 42 970 9,660 46 130 10,370 41 940 9,430 54 220 12,190 57 760 12,985 53 040 11,925 
Newtons I (Pounds) Newtons I (Pounds) 
CYCLE #I. CYCLE U 1  
I I I 
39 940 
CYCLE #10 ! CYCLE # l o  
I I 
T I I T *  denotes i n a t s l l a t i o n  torque. 
y Bolt-nut aasembly ten ted  in  Transducer Control8 load cell. 
f r o m m s e l e y  Autograf Beeorder. 
Tenaile c l q  lord determined f r m  X-Y c u m  
HZO Series nuto torqued with L?-point socket. 
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TABLE NO. I K 24 
RSSIETS OF 15-CYCLE INSTALUTIm TORQUE-TENSIal TESTS OF Hs 21250 SERIES 
EXTERNAL WZENCHIW KEAD ALLOY STEEL BOLTS 
TEST CCNDITION: TORQUE pBDH Nul' DESIGN CLWP m D :  102 300 Newtons ( 23,000 Pounds) 
Bolt Part No. : 
Thread Size: 1/2-20 m-3~ Nut Uaterial: AnS 6304 STEEL 
Bolt Uateri.1: 8740 = E m  Nut Finish: DRY FILM LUBE OVER WMILM PLATE 
Bolt Finish: W I W  PLATE, 9Q-P-416. TYPE 11. CLASS 3 
Nut Part No. : H20-8 Hs 21250-08024 
Washer Part No.: Hs 2ooO2C8 h ELS 20002-8 
1176.25 I 1560 ii 
216.93 1920 I T  
I E::; I 360 IT 
720 I T  
135.58 1203 I T  
176.26 1560 I T  
SPEC- NO.S-T757 SPECMEN NO. S-TI 
INDUCED 
16 810 3,780 18 240 4,100 
34 210 1 7,690 1 36 780 I 8.270 
57 690 12.970 61 600 13.850 
CYCLE 23 CYCLE #3 
I I 8 
12 990 2,920 13 390 3,010 
26 510 1 5,960 I 27 440 1 6,170 
44 390 9,980 46 260 10,400 
58 050 13.050 60 400 13.580 
73 080 I 16:430 H 75 400 I 161960 
CYCLE #6 CYCZE 16 
11 560 2,600 11 700 2,630 
25 130 5,650 24 380 5,480 
43 150 9.700 41 010 9 220 I 53 3801 56 670 121740 1Z:OG 
70 720 15,900 67 160 15,100 
CYCLE #lo CYCLX #lo 
CYCLE 211 CYCLE 211 
10 140 2,280 10 720 2,410 
21 530 4,840 22 200 4,990 
48 790 10.970 49 420 11,110 
61 290 13,780 61 290 13,780 
C Y U E  115 

























1$ 370 3,230 
29 090 1 6,540 
47 950 10.780 
CYCLE #4 
29 400 6,610 
49 420 11,110 
64 360 14,470 I 80 CYCLE IS0 #5 18.020 
CYCLE #lo 
I 
CYCLE 115 I 
CYCLE 1 2  I CYCLE 12  
CYCLE #3 CYCLE C3 
13 880 3,120 14 720 3,310 
28 560 I 6.420 I 29 310 I 6,590 
4a 220 10.840 49 240 11.070 1 64 230 63 870 j 14;360 14;440 
78 950 17,750 80 150 18,020 
CYCLE #4 CYCLE #4 
1:9101 
8 Mx) I 8 6701 1,950 18 820 4,230 18 550 4,170 33 230 7,470 32 600 7.330 43 860 9,860 42 790 9,620 55 380 12 450 54 220 12,190 
NmBS 1 
'?.TI demotes instal la t ion torque. 
2 Bolt-nut assembly teated in Transducer Control. 1-d cel l .  
f r e  lbaeley Auto-f Recorder. 
Tensile clamp load determined f r a  X-Y curve 
HZO Series nuts torqued with 12-point socket. 
18 0 
TABLE NO. I K 25 
OF 15-CYCLE INSTALIATION 
tXlXRN& UpBllCBIllc 
TORQUE-WSION TESTS OF 
HEAD ALLOY STEEL BOLTS 
21250 SBRIHS 
TEST COIDITION: nagw DXSIW M)Lp IohD: 102 300 Newtons ( 23,000 Pounds) 
Bolt Part No. : ELS 21250-08024 Nut Part No.: 1120-8 
Thread Size: 1/2-20 u21~p-3~ 
Bolt Material: 8740 sma Nut Finish: DRY F U  L W E  OVER CILIWIW PLATE 
Bolt Finish: CILIWIW PLATE, QQ-P-416. TYPE 11. CLASS 3 
Bolt Specificatlon: ~ 4 - 8 8 3 1  Hole size: 13.081 w ( 0.515 in.) 
Nut Haterid: lrEIS 6304 STEBL 
Washer Part No.: NS 20002~8 6; NS 20002-8 











369 IT 12 900 2,900 
720 11 26 380 5,930 
1200 IT 44 840 10,080 
1560 IT 58 850 13,230 
1920 IT 74 420 16,730 
CYCLE. #3 
360 IT 11 430 2,570 
720 IT 23 310 5,240 
1200 IT 40 120 9,020 
1560 IT 52 180 11,730 
1920 IT 66 540 14,960 
CYCLE #4 
43.67 363 IT 10 760 2,420 
81.35 720 IT 22 600 5.080 
135.58 1200 IT 38 480 8,6M 
176.26 1560 IT 50 660 11,390 
216.93 1920 IT 64 160 14,420 
CYCLE 25 
40.67 360 IT 9 390 2,110 
81.35 720 IT 20 770 4,670 
135.58 1200 IT 35 760 8,040 
216.93 1920 IT 59 960 13,480 
176.26 1560 IT 47 280 10.630 
I CYCLE W 
40.67 360 IT 
40.67 360 IT I 81.351 720 















I 7 650 ::I7 
17 790 4.001 
31 270 
41 010 9,221 
50 970 11,461 
CYCLE C15 
40.67 360 IT 1 81.351 720 
IT 11 1: i:: 1 :$; 135.58 1 2 W  IT 27 670 6,221 176.26 1560 36 700 8.251 
1216.931 1920 IT 11 46 790 I 1 0 h  
10 760 2.420 9 960 2,240 10 990 2,470 
22 910 5.150 22 460 5,050 23 490 5,280 
39 450 8,870 39 990 8,990 40 610 9,310 
52 310 11.760 53 820 L2.100 53 290 11,980 
65 740 14.780 66 940 15.050 1 67 250 15,120 
NUXES- 
T * I I r *  denotes installation torque. 
y Bolt-rmt aasembly tested in Tranaducer Controls load cell. 
f r a  Moaeley Autograf Recorder. 
Tensile clamp load determined t r a  x-Y c u m  
1120 Series nuea torqued with If-point socket. 
TABLX NO. I K 26 
RBSULTS OF 15-CYCLE INSTALLATION TOXQUS-TSliSION TBSTS R Ms 21250 SERIES 
EXTERNAL bW3NCHING UEAD ALLOY STEgL BOLTS 
TEST KNDITION: TORQUS FBQI DESIQ4 CUWP LMD: 102 300 Utwton# ( 23,000 Pounds) 
Bolt Part No. : MS 21250-08024 
Thread Sire: 1/2-20 UEWP-3~ 
Bolt @laterial: 8740 STEKL Nut Finish: CADMM PLATE, TYPE 11, CLASS 3, W-P-416 
Bolt Fini6h:CAIMIIM PULTE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Specification: KIL-B-8831 Hole Size: 12.700 ma ( 0.500 in.) 
Nut Part No. : NZOX8 
k t  lhterisl: &is 6304 STBJZL 


































































































Newtons 1 (Pounds] 
Y 
CYCLE #2 
10 540 2,370 
22 460 5,050 
37 500 I 8,430 
49 770 11,190 




16 770 3,770 
29 130 6,550 




59 560 I 13;390 
CYCLE #15 
SPECIMEN NO.S-T767 SPECIMEN N0.S-T768 SPEC- NO.S-T769 SPECIMEN NO. 
INDUCED CLAW LOAD 
11 370 2,560 11 030 2,480 
24 380 I 5,480 1 24 550 I 5,520 
42 430 9.540 43 060 9.680 
55 870 12.560 56 aoo 12;770 
82 960 I leftso II 8* a70 I 19.080 
CYCLE #3 CYCLE v3 
10 190 2,290 10 990 2,470 
37 940 8,530 43 060 9,680 
49 910 11,220 56 710 12,750 
75 970 17,080 84 870 19,080 
CYCLE 4 CYCLE #4 
8,390 
70 280 1 15;SOO 75 350 16;940 
CYCLE x5 CYCLE #5 
20 020 4,500 19 350 4,350 
46 040 10,350 46 260 10,400 
70 900 15 940 68 540 15 410 
CYCLE #6 CYCLE #6 
8 360 1,880 7 780 I 1.750 
18 820 4,230 17 970 4,040 
33 230 7,470 31 980 7,190 
44 120 9.920 42 390 9.530 
67 120 15,090 64 760 14,560 
CYCLE (110 CYCLE #lo 
6 720 1.510 5 160 1,160 
15 030 3,380 13 260 2,980 
25 930 5,830 23 890 5.370 
34 960 7.860 32 780 7,370 
93 640 12,060 49 600 11,150 
CYQg ill CY&E 111 
6 090 
34 210 
1 - u  
CYCLE #15 11 CYCLE #15 
6 000 I l,Z I 4 670 I 1,050 
14 460 3,250 12 720 2,860 
25 350 23 750 5.340 
33 850 7,610 30 470 6,850 
51 860 11,660 45 770 10,290 
39 050 
CYCLE W 
1 n 1 
CYCLE #10 I CYCLE #10 
V'lT' danotea instalkation torque. 
Lf Bolt-rmt aaeembly tested in Transducer Controls 1Md cell. 
Indicator. 
Tensile elamp load determined frm RBI Strain 
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TABLE NO. I K 27 
IIBSULTS OF 15-CYCLE INSTALLA!tIm TORQUE-TENSIm TBSTS OP PIS 21250 SEXIES 
EXTERNAL HFSNCHING BBIU) ALLOY STEEL BOLTS 
DSFII Mwp LMD: 102 300 I(cyton8 ( 23.000 Pounds) TES? CONDITION: 'KRQUE FBCW NUr 
Bolt Part No.: KS 21250-08024 Nut Part No.: H2OX8 
Thread Size: 1/2-20 u~e~p-u Nut Itaterial: M S  6304 STEEL 
Bolt Naterial: 8740 -L Nut  Finish: CAIHIUN PWLTE, TYPE 11, CLASS 3, Pg-P-416 
Bolt Finish: CALWIlM mm, 99-P-416, TYPE 11, CLASS 3 
Bolt Specification: n1~-~-8831 Hole Size: 12.827 rm C 0.505 i n . )  
Washer Part NO.: NS 20002C8 6 KS 2OOO2-8 
40.67 360IT 
81.35 720IT 






























230.491 204OIl'  
SPEC- NO. S-T770 SPECIMEN NO. S-T771 SPECMEN NO. 54'772 
INDUCED CLAMP LDAD 
CYCLE #1 
15 700 3,530 
31 940 7,180 
54 980 12,360 I 16,150 71 840 
05 280 23 670 
CYCLE I 3   
10 540 2.370 
22 950 5,160 
39 190 8.810 
52 310 11;760 
77 400 I 17,400 
C Y a E  #4 
9 700 , 2,180 
21 310 4.790 
37 010 8,320 
49 110 11.040 
73 390 I 16:500 
CYCLE 15 
CYCLE 16  
CYCLE 110 
 
36 700 ai250 
56 850 I 12,780 
 
CYCLE 111 
c y a s  115 
WCLE #10 CYCLE 110 W a E  I10 
7 120 1,600 5 160 1,160 6 140 1,380 
1 7  260 3,880 13 570 3,050 15 660 3,520 
30 690 6.900 24 330 5.070 28 160 6.330 
" 
41 230 9:270 32 870 7:390 37 900 8;520 
64 450 14,490 -42 400 11,780 59 020 13,270 
I 1 1 
c y a E  111 CYCLE Ill CYCLE I11 
Newtons I (Pounds) { 
CYCLE #1 
16 950 3,810 
33 000 7,420 
54 270 12,200 
71 300 16,030 
104 440 23.480 
CYCLE 12 
12 140 2,730 
24 860 5.590 
41 860 9,410 
55 730 12,530 




CYCLE 16 1 
7 960 1 1 
18 730 4,210 
34 200 
44 840 10,080 
70 460 15,840 




-i7-*@ITt denotes instal la t ion torque. 
3 Bolt-nut assembly tested i n  Tranwducer Control8 load cel l .  
Indicator. 
Tensile clamp load determined from RBI Strain 
11 250 2,530 
21 570 4,850 1 10,850 6:lO I 48 2: 1260 
18 3 
TABLE NO. I K 28 
BBsLlLl'S OF 15-CYCLE INSTALLATION TORQUB-TENSION TESTS OF I4S 21250 SERIBS 
BXTUUNAL URENCHINC RPU) ALLOY STEEL BOLTS 
40.67 360 I T  
81.35 720 I T  
135.58 1200 I T  
176.26 1560 I T  i l  230.49 2040 IT 
40.67 360 IT 
81.35 720 IT 
135.58 1200 I T  
176.26 1560 I T  
230.49 2040 I T  
SPECMEls 
- 
NO. - S-T775 SPECMEN NOST776 
INDUCED 
Newtons I (Pound9 
CYCLE 11 
CYCLE 14  
16 720 3,760 
31 490 7,080 




C Y a E  110 
CYCLE 111 
 
59 340 I 13;340 
CYCZE 115 
14 810 3,330 
27 710 6,230 
37 540 
57 740 12,980 
CYCLE #2 
I 
10 990 2,470 
23 620 5,310 1 9,220 41 010 
53 870 12.110 
80 240 18,040 
CYCLE 1 3  
I 
10 630 I 2,390 









































































DE3Im CLWP LObD: 102 300 Nertonn ( 23,000 Pounds) 
Nut  Part NO.: R20x8 
Nut Material: AMs 6304 STEEL 
Nut Finish: CMWlW PIATE, TYPE 11, CLASS 3, W-P-416 
Uaaher Part No.: ns 20002C8 6 MS 20002-8 
Hole Size: 13,081 mm ( 0.515 in.) 
UP LMD 
Newtma I (Poundal 
CYCLE #I  
CYCLE 1 2  
20 590 4,630 
36 430 50 I 8.190 1'91








Newton8 I(Pounds) I Newtons I (Pounds) 
CYCLE #l 1 CYCLE 11 
I I I 
CYCLE 13 1 CYCLE C3 
36 120 
CYCLE #6 I CYCLE 16 
T t I T *  denotea instal la t ion torque. 
Bolt-nut a~sembly teBted in Transducer Centrola load cel l .  
Indicator. 
Tensile clamp load determined f r w  BBI Strain 
TABLE NO. I K 29 
IUISULTS 
/ .  
ns 21250 SBBIBS 
355 I T  
176.26 1560 I T  
257.61 2280 I T  
40.67 360 I T  
81.35 720 I T  
135.58 1200 IT 
176.26 1560 I T  
257.61 2280 I T  
40.67 360 I T  
81.35 720 I T  
135.58 1200 I T  
176.26 1560 IT 
257.61 2280 IT 
40.67 360 I T  
81.35 720 I T  
135.58 1200 IT 
176.26 1560 I T  
257.61 2280 IT 
40.67 360 IT 
81.35 720 I T  
135.58 1200 I T  
176.26 1560 I T  
257.61 2280 IT H- 40.67 160 I T  1 811351 720 IT 
135.58 1200 I T  
176.26 1560 IT 
257.61 2280 I T  
Newtons I (Pounds 
--Y- 
CLE 12  
CYCLE #3 
C Y C U  1 4   
CYCLE #5 




CYCLE #15  
11 650 2,620 
23 530 5,290 
58 4 7  050 13,050 90  
33 000 7,410 
INDUCED CIAUP LQ4D 
14;610 64 990 
65: 
14;760 
99 950 22,470 98 700 22,190 
CYCLE #2 CLE 12  
53 390 11.440 49 110 11;040 
84 780 I 191060 11 SO 380 I 18.070 
CYCLE C3 CYCLE 13 
1 7  930 4,030 18 $10 4,140 
47 990 10,790 46 210 10,390 
81 260 18.270 77 400 17,400 
33 ago 7.620 35 050 7,880 
CYCLE 4 
46 080 10.360 43 720 9;830 
76 730 I 17I250 1 74 680 I 16.790 
CYCLE #5 CYCLE #5 
13 570 3,050 12 680 2,850 
29 620 6.660 27 490 6,180 
41 460 9,320 38 210 8,590 
71 520 16 080 68 630 15 430 
CYCLE #6 CYCLB #6 
4 180 I i? I 4 140 1 ,930 
10 450 10 630 2,390 
24 150 23 840 5.360 
33 450 7,520 33 360 7,500 
60 630 13 630 59 650 13 410 
CYCLE 11 
 
2. 330 2,850 
30 660 6,880 
51 330 I 11.540 
67 610 I :li;Z: 100 880 
CYCLE #2 
7 340 1 1.650 
CYCLE #4 
8,970 




1; 370 2,780 
24 150 1 5,430 
33 670 7,570 
58 980 13.260 
CYCLE f 5  
Newtons I (Pounds) 
 CYCLE X 1  
6 540 1,470 
16 990 3,820 
33 230 7,470 
45 860 10,310 
79 440 17,860 
CYCLE 15 
5 780 1,300 
14 630 3,290 
29 940 6,730 
42 080 9.460 
74 460 16,740 
CYCLE C6 
I 
L inn 1 u n  I 
CYCLE #lo 
1 I 
1: :;: 1 2,:; I 
26 420 5.940 
... 
denotes i l u t a l h t i m  torque. 
M Bolt-nut assembly tested in Transducer Controls load cell. 
f r a  Xosaley Autograf Recorder. 
Tenaile clamp load determined f r s  x-Y curve 
E20 Series nut. torqued with 12-point socket. 
18 5 
TMLB NO. I K 30 
RESULTS OF 15-cycLB I N S l ' U T I f f l  ToaQw-TBllSION TESI'S OP MS 21250 SERIES 
BXTERNAL UBBllCRING HEIIl) U o I  STEEL BOLTS 
18 6 
TEST CCMIITION: mrpoS PBM BOLT DILSIcXl Quip LMD: 102 300 Nevtms ( 23,000 Pounds) 
Bolt Part No.: Ms 21250-08024 llut Part NO.: H20X8 
Thread Size: 1/2-20 u 1 p ~ p - 3 ~  Nut Material: m 6304 STEEL 
Bolt Material: 8740 STEEL llut Finish: CADNIUM PLATE, TYPE 11, CLASS 3, QQ-P-416 
Bolt Finish: CADMIDM PLATE, QQ-P-416, TIPB 11, C U S S  3 
Bolt Specification: HII-B-883: Hole Size: 12.827 am (0.505 in.) 
Uaaher Part NO.: MS 2000208 h US 20002-8 
40 67 360 IT  
81:35 I 720 IT 
135.58, 1200 IT 
40.67 360 IT  
81.35 720 IT  
135.58 1200 IT 
176.26 1560 IT  
271.16 2400 IT  
40.67 360 IT t81.35 720 IT 
40.67 360 IT 
81.35 720 IT 
135.58 1200 IT 
176.26 1560 IT  
271.16 2400 IT 
40.67 360 IT 
81.35 720 IT  
135.58 1200 I T  
176.26 1560 I T  
103 460 I 23;260 
CYCLE 1 2  
CYCLE 13 - 
83 980 I 18;880 
CYCLE #4 
1 
CYCLE #5 I 
CYCLE #6 
11 480 2,580 
26 470 5,950 





10 720 2,410 
25 040 I 5.630 940 
36 250 I 8i;l: 
69 970 
C Y a E  115 
INDUCED 
56 530 12;710 
102 260 I 22,990 
CYCLE #2 
CYCLE 1 3  
I 
85 890 I 19;SlO 
CYCLE #5 
12 940 2.910 
27 220 6,120 
CYCLE 110 
CYmE #ll 
71 570 I 16;090 
C X U E  115 
13 340 
(P L M D  
00 750 I 22;650 103 060 I 23,170 
CYCLE #2 CYCLE 12 
6 180 1,390 6 320 1,420 
18 770 4,220 18 240 4,100 
35 760 8,040 36 830 8,280 
48 790 10,970 52 180 11,730 
88 340 19,860 95 050 21,370 
I I 
CYCLE #3 CYCLE #3 
4 000 900 I 4 760 :;07: 13 920 3,130 1 6329 180 6,560 31 180 7,010 41 720 9,380 44 840 10,080 79 400 17,850 84 600 19,020 CYCLE #4 CYCLE #4 
CYCLE #6 
I 
1: z: I 2,%1 2 8 I 2,960  
27 130 6.100 6.270 
38 030 39 500 
-CYCLIC 111 CYCLE 411 2. 
Newtons I (Pounds) 




CYCLE #6 I 
78 5101 171650 
CYCLE #10 
13 210 2,970 
27 090 
39 500 8,880 
74 100 16,660 
CYCLE 411 I 
CYCLE #15 
'IT' denotes ilutallation toque. 
1Md cell. Tensile clamp 1Md determined from 
torqued rith 17-point socket. 
26 240 
TABLE NO. I K 31 
RESULTS OF 15-CYCLE INSTALLATION TCRQLIK-TENSION TESTS OF MS 21250 SERIBS 
EXl'EENAL UUENCRING HJW ALLOY STBEL BOLTS 
TBSl CCMJITION: TORQm €%a4 NUT DBSIGW CLAW LWD: 102 300 UWtOnL ( 23,000 Pounds) 
Bolt Part No.: MS 21250-08048 
Thread Sire: 1/2-20 UNJF-3A Nut Material: AHS 6304 STEEL 
Bolt Material: 8740 STEEL Nut Finish: DRY FIIN LUBE Ovga c;ALMIIIM €UTE 
Bolt Finish: ClUwlLM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Specification: HIL-B-8831 Hole Size: 12.700 m ( 0.500 in.) 
Aut Part No. : H2O-8 















































360 IT 16 ai0 
720 IT 1 33 630 1 ;lit: 
1200 IT 54 090 12,160 
1560 IT 70 900 15,940 











1 6 850 1 1,540 1 9 300 1 2,090 1 10 140 1 2,280 
18 370 4,130 22 600 5,080 22 910 5,150 
33 270 7.480 40 520 9,110 41 280 9,280 
44 610 10,030 54 000 12,140 54 220 12.190 
60 310 13,560 71 970 16.180 73 260 16.470 , , , I .  
CYCLE #10 II CYCLE #lo 11 CYCLE #lo 
I I 8 100 360 IT 1 5 650 1,270 1,820 I 5 920 1,330 
720 IT 15 830 3,560 20 290 4.560 18 060 4,060 
1200 IT 29 130 6,550 36 160 8,130 33 270 7,480 
1560 IT 39 230 8,820 48 750 10,960 45 770 10,290 
1920 IT 52 930 11,900 65 870 14,810 62 490 14,050 





1920 IT - 
j/ 5 560 1 1,250 I 7 870 1 1,770 1 5 780 1 1,300 
15 570 3,500 19 750 4,440 18 010 4,050 
29 OM) 6,520 36 030 8,100 33 090 7,440 
37 990 8,540 48 260 10,850 46 170 10,380 
51 060 11.480 64 810 14.570 62 490 14.050 
I, I . _  
CYCLE #15 11 CYCLE 115 n CYCLE #15 
I I I  I n I 
360 IT 11 5 560 I 1,250 11 6 760 1 l,:15: I 5 600 1 1,260 
720 IT 15 660 3,520 17 930 4,030 17 390 3,910 
1200 IT 28 910 6.500 33 320 32 560 7.320 
1560 IT 37 720 1 8;480 11 44 840 
1920 IT 11 52 260 11.750 62 140 I ::;E n 2: ::E I 
Newtons I (Pound 
CYCLE #I 
CYCLE 12 I CYCLE #3 
CYCLE 14 
1 CYCLE 15 
7- 
CYCLE #6 
7- CYCLE 110 
I CYCLE Y11 
I CYCLE #is 
Newtons I (Poundi) 
CYCLE #l 





-7- CYCLE 110 
I_ CYCLE #11 
-7- CYCLE #15 
NOTBS : 
21 
'IT' denotes installation torque. 
Bolt-aut assembly tested in Transducer Controls load cell .  
Indicator. 
Tennile clamp load determined frm BBI Strain 
18 7 
TABLE NO. I K 32 
RESULTS OF 15-CYCLE INSTALIATIION TORQUE-TENSION TESTS OF KS 21250 SERIES 
EXTERNAL WRENCHING HEAD ALLOY STEEL BOLTS 
TEST CMDITION: TORQUB PBOH NWf 
Bolt Par t  NO.: MS 21250-08048 
DBSIlX4 Mw LOAD: 102 300 Uwtmm ( 23,000 Pounds) 
WUt Par t  NO.: H20-8 
Thread Size: 1\2-20 UNJP-3A Nut Material:  AMs 6304 STEEL 
Bolt N a t e r i s l :  8740 STB~L Nut Finish: my p w  LUBE OVER WMILR4 PUTE 
Bolt Finish: CAD MI^ PLATE, 9Q-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion :  M I L - B - ~ ~ ~ L  Hole Sire: 12.827 m ( 0.505 in.) 
Washer Par t  No.: 14s 20002C8 6. MS 20002-8 
TORQUE 
11 
Nm ( i n - l b f )  
I 
40.67 360 IT 
81.35 720 IT 
135.58 1200 IT 
176.26 1560 IT 
216.93 1920 IT 
40.67 360 IT 
81.35 720 IT 
135.58 I200 IT 
176.26 1560 IT 
216.93 1920 IT c 40.67 360 TT 
81.35 720 ;; 
135.58 1200 IT 
176.26 1560 IT 
216.93 1920 I T  
40.67 360 IT 
81.35 720 IT 
135.58 1200 IT 
176.26 1560 I T  
216.93 1920 IT 
40.67 360 IT 
81.35 720 IT 
135.58 1200 IT 
176.26 1560 IT 
216.93 1920 IT 
SPECMEN NO. S-T792 SPECIMEN N0.S-T793 SPECMEN NO.S-T794 SPECIMEN NO.S-T795 SPECIMEN N0.S-T796 
INDUCED CLAMP LOA0 
104 260 I 23.440 H 105 330 I 231680 I/ 99 150 I 22:290 1 107 200 I 24:lOO 1 101 730 I 221870 
12 850 1 3  570 3,050 12 590 2,830 
31 360 I 30 340 1 6,820 I 26 420 I 5,940 
51 690 11,620 44 390 9.980 45 950 1 50 620 11,380 45 500 10,230 
69 080 15.530 58 400 13.130 61 650 1 68 280 15.350 60 230 13.540 
I i: '% I ::% I :: %? I 
90 470 I 20:340 78 550 1 171660 81 130 1 l8:240 R 90 430 I 20:330 80 380 1 181070 
9 650 2,170 9 030 2,030 8 810 1,980 10 270 2,310 10 140 2,280 
26 020 5,850 21 660 4,870 24 420 5,490 27 580 6,200 24 510 5.510 
46 440 10,440 39 100 8,790 43 410 9,760 46 620 10,480 43 720 9.830 
61 920 13,920 55 690 12,520 58 890 13,240 62 410 14,030 58 180 13,080 
81 310 18,280 68 370 15,370 79 090 17,780 83 310 18,730 77 840 17.500 
CYCLE #6 11 CYCLE 16 CYCLEt6 I CYCLE C6 1 CYCLE 16 ;:: I '2;::; 1 6 760 I 1,520 11 8 760 I iI:9: 1 9 520 1 :;:l: I 9 070 1 2,040 
19 660 4,420 24 420 23 660 23 000 5,170 
45 190 10.160 37 190 8.360 43 680 9.820 41 190 9.260 41 540 9.340 
6 940 I 1,560 I 5 780 I 1,300 I 7 120 1 1,600 I 7 920 1 1,780 I 6 670 I 1,500 
19 350 4.350 19 130 4,300 18 640 4,190 20 420 4,590 21 350 4,800 
35 500 7.980 35 360 7.950 35 450 7.970 37 230 8.370 38 160 8.580 
y n I T '  denotes i n s t a l l s t i o n  torque. 
cl Bolt-nut asselsbly res ted  in Transducer Controls load c e l l .  Tens i le  clamp load  determined f r a  BBI S t r a i n  
1ndic.tor. 
188 
TABLE NO. I K 33 
RBSULTS OF 15-CYCLE INSTALUTION TORQUE-TENSION TESTS OF MS 21250 SEXIES 
DZKRNAL WRWlcHING RFAD ALLOY STEEL BOLTS 
TEST CONDITION: TWllJI FBDH NLiT DBSIQl CLbMD LWD: 102 300 Newton# ( 23,000 Pounds) 
Bolt  Part  No.: Ms 21250-08048 Nut Par t  NO. : H20-8 
Thread S i r e :  1/2-20 UKTF-JA Hut Material: AMS 6304 STEB1, 
Bolt Mater ia l :  8740 STEEL Nut F in ish :  DRY FILM LllBE ovEI( C4IJXfW PLATE 
Bolt  Finish: CAMIM PLATE, 99-P-416, TYPE 11, CLASS 3 
Bolt  Spec i f ica t ion :  MIL-E-8831 Hole Size: 13.081 rim ( 0.515 in . )  





































































1920 IT - 
360 IT 






























1920 I T  -
SPECIMEN NO. SPECIPLEN N0.S-T797 SPECMEhl NO.S-T798 SPECLt4BN NO.S-T799 SPECQIEN NO. 
INDUCED CLAMP LOAD 
16 370 3,680 
33 180 7,460 
54 930 12,350 
7 1  920 16,170 
95 370 21.440 
CYCLE I 2  
CYCLE #3  
9 610 2,160 
24 860 5,590 
44 750 10,060 
59 290 13,330 
80 780 18.160 
I .  
CYCLE #4 
CYCLE #5 
23 220 5;220 
41 680 9,370 
55 420 12,460 





62 180 I13;980 
CYCLE 115 
Newtons I (Pounds)[ Newtons I (Pounds 
CYCLE #1 ti CYCLE #I 
I 1 
17 390 3,910 14 500 3,260 
34 960 1 7,860 I 31 980 1 7,190 
54 580 12,270 55 510 12,480 
72 590 16.320 74 150 16.670 
93  720 I 21:070 97 680 21:960 
CYCLE 12 CYCLE #2 
26 780 6,020 27 800 6,250 
46 880 10.540 49 060 11,030 
62 140 13,970 64 900 14,590 
80  600 18,120 84 510 19,000 
CYCLE 83 CYCLE #3 
76 550 1 17;210 78 640 I 17;680 
CYCLE $4 CYCLE #4 
10 850 2,440 10 680 2.4W 
24 240 5,450 23 840 5,360 
42 120 9,470 42 830 9,630 
31 890 12,340 58 050 13,050 
71 520 16,080 76 680 17,240 
CYCLE #5 CYCLE #5 
9 470 1 2.130 7 380 1 1:660 I 21 750 4,890 21 440 4,820 37 900 8,520 40 210 9,040 50 040 11,250 54 180 12,180 66 280 14,900 72 860 16 380 
32 870 I ;::3: I 33 760 I 7:590 
43 590 46 570 10,470 
57 250 12,870 62 490 14,050 
CYCLE #11 CYCLE #ll 
43 720 9;830 44 790 10:070 
56 980 12,810 61  020 13,720 
Newtons I (Pound#; 
CYCLE #I  
CYCLE X2 







-i CYCLE 110 
 CYCLE #11 
 CYCLE #15 
Newtons I (Pounds) 




1 CYCLE #4 
CYCLE #5 
1 
CYCLE #6 7 
CYCLE #I0 
 CYCLE 111 
 CYCLE #15 
'IT' denotes ins rc t l la t ion  torque. 
Bolt-nut assembly t e s t e d  in Transducer Control6 load c e l l .  
Indicator. 




TABLE NO. I K 34 
RESULTS OF 15-CYCLE INSTALLATION TORQUK-TENSION TESTS OF MS 21250 SERIES 
EXTERNAL WaENCHING HEAD ALLOY STEEL BOLTS 
DESIGN c U M P  LMD: 102 300 Newton. ( 23,000 Pounds) TEST CONDITION: T W D E  FRL% NVP 
Bolt Part No. : MS 21250-08048 Nut Part NO.: H20X8 
Thread Size: 1/2-20 VNJF-3A Nut Material: AElS 6304 STEEL 
Bolt Material: 8740 STEEL Nut Finish: W D M  PLATE, TYPE 11, CLASS 3, Q?-P-416 
Bolt Finish: UUPIIDM m T E ,  QQ-P-416, TYPE 11, CLASS 3 Washer Part NO.: MS 20002C8 h KS 20002-8 
Bolt Specification: MIL-B-8831 Hole size: 12.700 mn ( 0.500 in.) 
CYCLE #I [ CYCLE #l 











































14 780 3,320 12 940 2,910 15 520 3 490 
6,540 32 070 7.210 z3 :3: I 6,890 11 77 51 060 11,480 50 440 11,340 
67 740 15,230 67 740 15,230 66 590 14,970 
100 120 22,510 100 660 22.630 97 230 21,860 
29 090 1 
CYCLE #2 CYCLE #2 CYCLE 12 CYCLE 62 
I I 1 1 1 
2,600 10 760 2,420 11 390 2,560 
5,260 24 060 5,410 23 660 5,320 
9,180 42 080 9,460 40 120 9,020 
11,960 55 330 12,440 51 950 11,680 
18,280 84 730 19,050 77 530 17,430 
CYCLE #3 CYCLE $3 , CYCLE 113 I CYCLE #3 
I I I 1 U 1 
10 010 2,250 10 270 2.310 8 720 1,960 
20 590 4,630 22 370 5,030 19 880 4.470 
35 450 7,970 39 450 8,870 34 520 7,760 
46 170 10,380 51 290 11,530 45 590 10,250 
72 720 16,350 79 890 17,960 70 100 15.760 
CYCLE #4 CYCLE $4 CYCLE 114 CYCLE #4 
40.67 360 IT 8 810 1,980 10 230 2,300 8 360 1,880 
81.35 720 IT 18 900 4,250 22 330 5,020 19 260 4.330 
135.58 1200 IT 32 960 7,410 39 360 8,850 33 450 7,520 
176.26 1560 IT 43 500 9,780 51 240 11,520 44 260 9,950 
230.49 2040 IT 67 480 15,170 78 910 17,740 67 970 15,280 
CYCLE 15 CYCLE 115 CYCLE #5 CYCLE #5 
40.67 360 IT 7 780 1,750 8 540 1,920 8 010 1,800 
81.35 720 IT 17 440 3,920 21 930 4,930 17 970 4,040 
135.58 1200 IT 31 220 7,020 38 610 8 680 31 850 7,160 
176.26 1560 IT 40 740 9.160 50 930 11,450 42 120 9,470 
230.49 2040 IT 63 430 , 14,260 76 860 , 17.280 64 900 , 14.590 
CYCLE #6 CYCLE #6 CYCLB #6 CYCLE 16 
I I 1 
40.67 360 IT 7 380 1,660 8 050 1,810 7 340 1.650 
81.35 720 IT 17 350 3,900 19 440 4,370 17 170 3,860 
135.58 1200 IT 29 310 6,590 34 960 I 7.860 30 560 1 6,870 
176.26 1560 IT 39 360 8,850 46 840 10,530 40 7W 9,150 
230.49 2040 IT 60 760 13,660 73 660 16.560 62 810 14.120 I 11 CYCLE #10 11 CYCLE #10 11 CYCLE #lo 11 CYCLE 110 































11 5 380 I 1,210 (I 6 850 I 1,540 (I 6 890 1 1,550 1 14 540 3,270 16 810 3,780 16 500 3,710 26 420 5.940 30 380 6.830 29 180 6.560 1 
35 980 8,090 40 880 Si190 39 280 Si830 
56 800 1 12,770 63 740 I 14,330 I KO 800 I 13,670 I 
CYCLE #11 CYCLE 111 I CYCLE 111 CYCLE #11 
I I I 1 
40.67 360 IT 5 340 1 1,200 5 920 1,330 6 890 1,500 
81.35 720 IT 14 010 3,150 15 480 3,480 16 190 3,640 
135.58 1200 IT 26 150 5,880 28 690 6,450 29 000 6,520 
176.26 1560 IT 36 070 8,110 38 960 8,760 38 740 8,710 
230.49 2040 IT 57 330 12,890 62 580 14.070 59 470 13.370 










CYCLE A 5  
1 
v * I T '  denotes installation torque. 
21 Bolt-nut assembly tested in Transducer Controls load cell. 
Indicator. 
Tensile clamp lcnd determined itan BBI Strain 
190 
TABLE NO. I K 35 
RESULTS OF 15-CPCLB INSTALLATION TORQUE-TENSION TESTS OF MS 21250 SERIES 
WI(ENCHING HEAD ALLOY STEEL BOLTS 
TEST CONDITION: TcacgUe FRfM Nm DBSIOll CLAMP LOAD: 102 300 llewtonm ( 23,000 Pounds) 
Bolt Part No. : MS 21250-08048 Nut Part WO.: H2OX8 
Thread Size: 1/2-20 m - 3 ~  Nut Saterial: AMs 6304 STEEL 
Bolt Material: 8740 S T B ~  Nut Finish: WIUM PLATE, TYPE 11, CLASS 3, QQ-P-416 
Bolt Finish: CALMIUM PLATE, 9q-P-416, TYPE 11, CLASS 3 
Bolt Specification: MIL-B-8831 Hole Size: 12.827 nm ( 0.505 in.) 



















I T  
I T  
I T  
I T  
I T  -
I T  
I T   
I T  
IT - 
11 7 960 I 1,790 1 8 180 I 1 8 450 I :9; 1 8 320 I 1,870 
18 150 4,080 18 550 4,170 18 590 4,180 18 150 4,080 
32 070 7.210 33 180 33 720 32 560 7.320 
360 I T  
720 I T  
1200 I T  
1560 I T  
2040 IT 
11 6 810 I 1,530 1 6 360 1 1,430 1 7 740 1 1,740 I 7 120 1 1,600 
15 570 3,500 16 190 3,640 18 010 4,050 16 460 3.700 
21 840 6,260 29 360 6,600 33 270 7,480 29 890 6.720 
36 560 8,220 38 790 8.720 43 860 9.860 38 960 8.760 11 57 560 1 12,940 11 61 650 I 13;860 11 66 850 1 15;030 59 190 I 13,470 
CYCLE #15 n CYCLE 115 0 CYCLE #15 n 115 
I u I u I U I 
1,520 6 230 1,400 7 560 1.700 7 380 1,660 
3,510 16 190 3,640 17 840 4,010 17 480 3,930 
6,230 29 270 6,580 31 540 I 7,090 30 780 6,920 
8,180 38 520 8,660 42 610 9,580 39 360 8,850 
13,290 61 120 13,740 65 210 14.660 61 920 13.920 
11 080 2.490 
24 110 5,420 
42 170 9,480 
55 870 12,560 I 18,680 1 83 090 
CYCLE X3 
CYCLE X6 
8 670 1,950 
19 130 4,300 
34 030 7,650 
45 150 10,150 












T * 8 1 T '  denotes installation torque. 
2f BoIC-nut assembly tested in T r a n s d u c e r  Controls lad cell. 
Indicator. 
Teneile blamp load determined fram RBI Strain 
6 670 1,500 :: E I 2: I 
191 
TABLE NO. I K 3 6  
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF MS 21250 SERIES 
EXTWNAL WRENCHING HEAD W O Y  STEEL BOLTS 
TEST C0M)ITION: TmQUE FRDM m DESIGN CIAUP LWD: 102 300 Newtons ( 23,000 Pounds) 
Bolt P a r t  No.: MS 21250-08048 Nut P a r t  No. : H20XB 
Thread Size: 1/2-20 rnm-3~ 
Bol t  Hateriel: 8740 STEBL Nut F i n i s h :  CADMIUM PLATE, TYPE 11, CLASS 3, q9-P-416 
Bol t  F i n i s h :  CAIMIupl PLATE, q9-P-416, TYPE 11, CLASS 3 
Bol t  SpeCif lca t iOn:  MIL-E-8831 Hole Size: 13.081 nm ( 0.515 i n . )  
Nut M a t e r i a l :  AMs 6304 STEEL 
Washer P a r t  No.: MS 20002c8 & MS 20002-8 
NOTES: 7'IT' denotes  i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  i n  Transducer Cont ro ls  l oad  c e l l .  
Indie.tor. 
T e n s i l e  clamp load determined from RBI Strain 
192 
TABLE NO. I K 37 
WULTS OF 15-CYCLE INSTALLATION TORQLIE-TENSION TESTS OF KS 21250 SERIES 
EXTERNAL WRBNCBMO I(EAD ALLOY STEEL BOLTS 
DESIGN Mw LMD: 102 300 Newton8 ( 23,000 Pounds) TEST CIXKJITION: 
Bolt Part No.: 2125048048 Nut Part No. : ~ 2 0 - 8  
Thread Size: 1/2-20 mm-3 Nut Naterial: Am 6304 STEEL 
Bolt Material: 8740 Nut Finish: DRY FILM L W B  OVER CADMIUM PLATE 
Bolt Finish: -w ~ T E ,  9~-p-416, TYPE 11, a s s  3 
Bolt Specification: m-8-8831 Hole Size: 12.827 m ( 0.505 i n . )  
TORQUE FRCU BOLT HEAD 
Waaher Part No.: MS 20002~8 h Epj 20002-8 
40.67 360 I T  
2 090 I i:;:: 20 590 81.35 720 I T  43 41 40 880 9,190 41 280 
135.58 1200 I T  70 010 15,740 68 900 15,490 68 500 
176.26 1560 IT 85 000 19,110 83 000 18,660 83 530 
230.49 2040 I T  102 480 23,040 103 150 23,190 103 550 
2 010 1 4,520 ' 
CYCLE #2 I CYCLE CYCLE 
R 




40.67 360 IT 14 410 3,240 13 300 
81.35 I 720 I T  11 28 200 1 6.340 1 27 620 
135.59 1200 I T  54 840 12.330 52 620 
176 26 1560 I T  78 060 17.550 70 900 
230:49 I 2040 I T  /I101 060 I 221720 11 92 700 
1560 I T  17,340 
11 CYCLE 11 CYCLE #4 I I I 
40.67 360 IT 13 a80 3,120 12 590 
135.58 1200 IT 56 400 12,680 50 930 
81.35 720 I T  27 890 6,270 27 270 
176.26 1560 I T  75 440 16,960 68 190 
230.49 2040 IT 99 060 22,270 88 830 
CYCLE #5 CYCLE 
1 
40.67 360 I T  12 990 
81.35 1 720 I T  11 26 510 1 :% I :: E 
135.58 1200 I T  47 730 10,730 51 770 
176.26 1560 I T  71 390 16.050 67 120 
230.49 I 2040 I T  11 96 120 1 21:610 11 90 560 
40 67 360 IT 11 560 
81:35 I 720 I T  11 24 150 


















11 CYCLE #4 
:;4:: I i: ",: I ::;: 1 11 300 1 2,540 
24 380 5,480 
10,160 44 480 10,000 44 700 10,050 
€4,480 62 050 13,950 61 250 13,770 
19.690 81 260 18.270 81 400 18.300 
2,530 10 450 2,350 10 900 2,450 I 5:180 5,270 I 23 040 1 23 970 1 5:390 
9.950 43 060 9,680 44 660 10,040 
13,970 60 OW 13,490 60 720 13,650 
19,360 79 530 17 880 78 640 17 680 
CYCLE #4 I CYCLE I 
1 15i870 1 1 1 70 590 94 960 21 35  
12 680 2,850 
26 380 5.930 
CYCLE #6 CYCLE 16 
I 48 790 10;970 68 630 15,430 93 590 I 21.040 I 
1 CYCLE #10 CYCLE #10 
62 050 13;950 a 1 
84 910 19,090 
CYCLE $15 CYCLB 115 
T I I T '  denotes instal la t ion torque. 
21 Bolt-nut assembly tested in Transducer Controls load cel l .  
Indicator. 
Tensile clamp load determined frrm NBI Strain 
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TABLE NO. I X 38 
RESULTS OP 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF MS 21250 SERIES 
mBBNAL WRENCHING W ALLOY STEEL BOLTS 
TEST CCWJITION: TORQUE FRCM BOLT HBAD DBSIGN Mw LWD: 102 300 N e w t m u  ( 23,000 Pounds) 
Bolt Part No. : 21250-08024 Nut Part No. : ~ 0 x 8  
Thread Size: 1/2-20 ULIJP-U Nut Material: AMs 6304 STEEL 
Bolt Material: 8740 ST= 
Bolt Finish: CADMILE4 PWTE, QQ-P-416. TYPE 11, CLASS 3 
Nut Finish: 
Waaher pert No. : 
CMHIDM PLATE, QQ-P-416, TYPE 11, CLASS 3 
MS 20002C8 h MS 20002-8 
















































L SPECE-lEN NO. S-TB1 SPECIELEN NO. S-T8 
i l  INDUCED 
in-lbf) Newtons 1 (Pounds) Newtons I (Pounda 
CYCLE #I 
360 I T  
720 I T  
1200 I T  
1560 I T  
2040 I T  -
I 13 970 1 ;:il: 1 13 700 1 3,080 
31 540 30 340 6,820 
56 930 12,800 53 950 12,130 
76 590 17,220 72 810 16,370 
101 770 22.880 98 570 22 160 . . ,I 
CYCLE #3 11 CYCLE #3 
I II I 
360 I T  I 13 520 1 i:O:: I 13 430 1 i:O2: 720 I T  30 38  29 85  
1200 I T  56 090 12,610 ' 53  510 12,030 
1560 I T  7 1  350 16,040 70 680 15,890 
2040 I T  97 810 21,990 98 750 22,200 
CYCLE 64 CYCLE 4 
360 I T  
720 IT  
1200 IT  
1560 I T  
2040 I T  -
360 I T  
720 I T  
1200 I T  
1560 I T  
2040 I T  -
360 IT 
720 IT 
1200 I T  
1560 IT 
2040 I T  -
360 I T  
720 I T  
17.00 IT 




1200 I T  
1560 I T  E 
I 13 340 ;OO: 1 12 410 
29 530 28 160 ;;;7: 
54 670 12,290 51 510 11,580 
70 100 15,760 66 500 14,950 
97 060 21,820 93 230 20,960 
CYCLE 15 CYCLE #5 
12 630 2,840 11 920 2,680 
28 160 6,330 27 090 6,090 
51 820 11,650 49 240 11.070 
68 810 15,470 63 870 14,360 
93 540 21,030 90 380 20.320 
C Y C L E 6  CYCLE #6 
11 250 2,530 11 520 2,590 
25 130 5,650 26 550 5,970 
46 660 10,490 47 950 10,780 
62 890 14,140 61 960 13,930 
85 180 19,150 90 430 20,330 
CYCLE #lo CYCLE #10 11 10 630 I :::;: 1 10 680 I 2,400 
23 660 23 930 5,380 
44 300 9.960 45 240 10.170 
59 470 13 370 59 070 13;280 11 80 330 I 181060 1 83 270 I 18,720 
1 CYCLE #11 11 CYCLE #11 
10 540 2,370 10 010 2,250 
23 570 5,300 22 600 5,080 
43 900 9.870 41 540 9,340 
58 940 13,250 56 800 12,770 
79 350 17,840 80 290 18,050 
~ CYCLE #15 CYCLE #15 
360 IT 10 320 2,320 9 790 2,200 
720 IT 22 950 5,160 22 330 5,020 
1200 IT 42 210 9,490 40 300 9,060 
1560 I T  56 850 12,780 54 620 12,280 
2040 IT 76 370 17.170 76 020 17.090 
11 880 2,670 12 370 2,780 
27 710 6,230 28 110 6,320 
48 880 10,990 48 750 10,960 
65 070 14,630 65 960 14,830 
91 450 20.560 ~ 92 920 20.890 
CYCLE #6 I CYCLE Y6 CYCLE 16 1 
54 930 12;350 51 770 11;640 
77 880 17.510 75 260 16.920 1 
T I I T '  denotes instal la t ion torque. 
3 Bolt-nut a.ssembly tested in Transducer Controls load cell.  Tensile clamp lcud determined from RBI Strain 
IndiCltrn. 
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TABLE NO. I K 39 
=SLUTS OF 15-cpcLE INSTALIATION TORQUE-TENSION TBSPS OF M3 21250 SERIES 
RXTERNU WRENCHING HEAD ALLOY STEEL BOLTS 
TEST CCUDITION: TmQm FRm tim' DESIIiR CL4UP LWD: 102 300 Newtons (23,000 Pounds) 
Bolt Part No.: Hs 21250-08064 Nut Part No.: NZO-8 
Thread Sire: 1/2-20 TIIPJP-U Uut l4aterial: AMS 6304 STEEL 
Bolt Msterial: 8740 STBEL Nut Finish: DRY FILW LUBE OVER CA!JMIW PLATE 
Bolt Finish: cAMIU4 PIATE, QQ-P-416, T W R  11, C U S S  3 
Bolt Specification: n f ~ - ~ - 8 8 3 1  Hole Size: 12.827 mm ( 0.505 in.) 
Washer Part No. : Hs 20002C8 6 Hs 20002-8 
SPECIMEN NO. S-TB19 SPECIMEi NO. S-T820 SpECIE(EN NO. S-T821 SPECIMEN NO. S-T822 SPECMEN NO. 
Newtons 1 (Pounds 
TORQUE 
1/ INDUCED CLAMP LMD 
Nm ( in- lbf)  Newtons I (Pound.) 1 Newtons I (Pounds) I Newtons I (Pounds] 
CYCLE #1 CYCLE #1 I CYCLE #1 I CYCLE 21 
I 1 1 1 
40.67 360 I T  16 770 3,77( 
81.35 720 I T  34 520 7,76( 
135.58 1200 I T  59 110 13,29( 
176.26 1560 I T  76 910 17,29( 
223.71 1980 I T  99 900 22,46C L CYCLE 1 2  
40.67 360 I T  1 81.351 720 IT 11 ii % 1 :$: 
135.58 1200 I T  48 840 10.98C 
176.26 1560 I T  65 790 14;79C I 223.71I 1980 IT 84 730 I 19 o5r 
CYCLE 23 
0 
10 760 2,420 I 77 040 17,320 25 310 5,690 44 570 io,oza 58 310 13,110 
CYCLE #6 1 40.671 I 9 300 360 I T  2,090 
81.35 720 I T  24 330 5,470 
135.58 12M) I T  43 280 9,730 
176.26 1560 I T  56 710 12,750 
223.71 1980 I T  75 880 17,060 
CYCLE #10 
40.67 360 IT 
135.58 1200 I T  
116.26 1560 I T  47 370 10.650 
I 81.351 720 IT /I E 1 :$: 7,990 
1 223.711 1980 I T  11 65 560 I 141740 
CYCLE #2 
14 680 I 3.300 II i n n  I 3 1 7 0  I i+ Qan I 7 o m  
io20 I 67 520 I 15;lSO 
10 360 2,330 10 230 2,300 10 010 2,250 
24 550 5,520 23 840 5,360 23 890 5,370 
42 970 9,660 41 940 9,430 41 540 9,340 
56 310 12,660 56 450 12,690 55 380 12,450 
75 300 16,930 74 280 16.700 74 240 16.690 
CYCLE #6 CYCLE #6 
10 320 2.320 9 770 2,200 
24 460 5,500 23 570 5,300 
43 010 9,670 41 280 9,280 
56 450 12,690 55 290 12,430 
75 170 16,900 72 280 16,250 
CYCLB 110 CYCLE 210 
7 210 1,620 7 920 1,780 
21 840 4.910 20 330 4,570 
38 920 8,750 37 720 8,480 
50 970 11,460 50 970 11,460 
70 550 15,860 66 590 14,970 
C Y a E  111 CYCLE 111 
CYCLE #6 
c r a g  111 
7 250 7 0701 1,590 I 
1,6: I 6 360 1 1,430 19 040 4,280 19 260 4,330 18 640 4,190 35 810 8,050 35 500 7,980 34 560 7,770 47 900 10,770 48 040 10,800 46 440 10,440 66 140 14,870 65 520 14,730 63 470 14,270 
CYCLE 115 CYCLE 115 CYCLB 115 
1 1:580 1 6 890 1 1;550 I 7 030 6 140 1 1:38U 18 280 4,110 18 330 4,120 17 840 4,010 34 960 7,860 34 780 7,820 32 870 7,390 46 790 10,520 46 300 10,410 44 260 9,950 63 430 14 260 62 180 13 980 59 650 13 410 
NOT=: 7 'IT' denotes instal la t ion torque. a Bolt-nut assembly tested i n  Transducer Controls load cel l .  
Indicator. 






















TllBLE NO. I K 40 
RBSULTS OF 15-CYCLE INSTALWION TORQUB-TENSION TESTS OF MS 21250 SERIES 
EXTERNAL WBEHCHIHO HBU) ALLOY STEEL BOLTS 
TBST CRYDITION: ~ o a ~ u e  F P . ~  rn 
Bolt Part No.: m 21250.08064 
Thread Size: 1/2-20 m-3~ 
Bolt Material: 8740 =EEL 
Bolt Finish:  cAm4IlEI PLeTB, QQ-P-416. TYPE 11, CLASS 3 
Bolt Specification: MIL-8-8831 
DBSIQN ClULe Lobo: 102 300 Newtons ( 23,000 Pounds) 
Nut Part NO.: H20-8 
Nut Material: AMs 6304 STEEL 
Nut Finish: DRY FILM L m E  OVW UDMIU4 PLATE 
Washer Port NO.: ns 20002C8 h MS 20002-8 

































4HP L M D  
Newtons 1 (Pound.) Newton8 I (Pounds, 
CYCLE #1 I CYCLE I1 








16 860 3,790 
34 780 I 7.820 





12 630 2,840 
27 530 6,190 
46 790 10.520 
61 290 13,780 





























11 700 I 2,630 11 300 1 2,540 

















11 390 2,560 
25 260 5,680 
42 120 9,470 
56 760 12,760 
74 150 16.670 
CYCLE #5 
CYGl.E 16 






















































23 710 Si330 
41 370 9,300 
54 580 12,270 i71 790 16,140 











20 150 4,530 
36 830 4 I 8.280 1'670 
50 800 11;420 
65 830 I 14,800 
CYCLE 111 
 
j 11;590 I 51 550 51 950 11;680 
67 120 15,090 67 390 15,150 
CYCLE 111 CYCLB #ll 
1,510 
18 950 4,260 
3; zi 1 7,890 
48 170 10,830 
63 610 14.300 
I -  







17 880 4,020 
41 720 9.380 
3::; 1 7,440 1 6 810 6 230 1 1; 1 1:530 18 240 4,100 18 680 4,200 34 340 7,720 34 830 7,830 45 280 10,180 45 770 10,290 61 740 13 880 62 810 14 120 59 020 I 13;270 
'IT' denotes installation torque. 
Bolt-nut assembly teated in Transducer Inc. load cell. 
Indicator. 
Tensile clamp load determined frm RBI Strain 
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TABLE NO. I K 41 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF l4S 21250 SERIES 
EXTERNAL URENCHINC HEAD ALLOY STEEL BOLTS 
DESIGN Mne LOAD: 235 740 Newton8 ( 53,000 Pounds) TEST CLWDITION: TORQUE FRM KUT 
Bolt Parr No.: MS 21250-12036 Nut Par t  NO.: H20-12 
Thread Size: 3/4-16 m ~ p - 3  Nut Material:  AUS 6304 STEEL 
Bolt Mater ia l :  8740 STEEL Nut Finish: DRY PIIM LUBE OYER CALMIUH PLATE 
Bolt Finish: w m m  ~ T E ,  49-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion :  m~-~-8831 Hole Size: 19.050 mm ( 0.750 in.) 
















1200 IT 29 980 6,740 27 710 6,230 29 360 
2400 IT 62 140 13,970 58 710 13,200 61 690 
3600 IT 97 190 21,850 93  270 20,970 99 720 
4800 IT 133 440 30.000 126 100 28.350 133 840 
6600 I T  191 930 43,150 185 750 41.760 193 620 
CYCLE X5 CYCLE 85 CYCLE 
1200 I T  26 820 6,030 28 380 6,380 27 090 
2400 I T  57 160 12.850 58 890 13,240 60 580 
3600 IT 91 050 20,470 96 340 21,660 93  500 
4800 IT 124 370 27,960 126 720 28,490 127 920 
6600 IT 179 120 40.270 190 950 42.930 183 480 
CYCLE #6 CYCLE 16 CYCLE 
I I 
1200 IT 27 360 6,150 25 890 5,820 25 710 
2400 IT 57 510 12,930 56 530 12,710 58 450 
3600 IT 90 610 20,370 87 360 19,640 90 740 
4800 IT 122 410 27,520 120 760 27,150 125 300 























745.70 16600 11 158 750 I 35,690 II 160 800 1 36,150 I1 159 590 1 35.880 H 1 I 
NOTES' 
T - I I T '  denotes i n s c a l l a t i o n  torque. 
ZJ Bolt-nut assembly t e s t e d  in Transducer Controls load c e l l .  
Ind ica tor .  
Tens i le  c l m  lcad determined from BBI Str".iU 
TAELB NO. I K 42 
BBSULTS OF 15-CYCLE INSTALLATION TOXQLIE-TENSION TESTS OF MS 21250 SERIES 
EXTERNAL !4RENCHIN€ HBAD ALLOY STEEL BOLTS 
TEST C6NDSTIoW: TORQWA FP.0.4 NUr DESIGN CLAMP L U D :  235 740 Nevtona ( 53,oM) Pounds) 
Bolt Par t  No. : MS 21250-12036 Nut Par t  No. : H20-12 
Thread Size: 3/4-16 mm-u Nut Material:  AMs 6304 STEEL 
Bolt  Mater ia l :  8740 STEa Nut F in ish :  DRY FILM LUBE OVER CADMlM PLATE 
Bolt Finish:CADMIM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Specification: ~ 1 ~ - ~ - 8 8 3 1  Hole Size: 19.202 w (0.756 in . )  

















































1200 I T  
2400 IT 
3600 I T  
4800 IT 
6600 IT 
1200 IT 51 510 11,580 43 280 9,730 39 280 8,830 
2400 I T  94 250 21,190 78 370 17,620 78 600 17,670 
3600 IT 134 550 30,250 117 780 26,480 114 850 25,820 
4800 IT 169 340 38,070 160 130 36,000 158 080 35,540 
6600 IT 230 180 51,750 223 070 50,150 221 070 49.700 
CYCLE t 3  ~ CYCLE f!3 CYCLE 1'3 1 I CYCLE 1 3  1 CYCLE $13 
1200 IT 45 550 10,240 34 560 7,770 32 740 7,360 
2400 IT 81 800 18,390 71 390 16,050 70 500 15,850 
3600 IT 120 100 27,000 110 490 24,840 106 890 24,030 
4800 I T  159 590 35,880 149 850 33,690 151 410 34,040 
6600 IT 224 050 50,370 212 970 47,880 210 790 47,390 
I CYCLE %4 1 CYCLE 64 CYCLE #4 CYCLE #4 , CYCLE #4 
1 1 11 1 
1200 IT 39 050 8.780 30 780 6,920 30 200 6.790 
2400 IT 77 660 17,460 67 430 15,160 67 970 15,280 
3600 I T  114 940 25,840 103 420 23,250 101 410 22,800 
4800 IT 150 120 33,750 142 160 31,960 140 820 31,660 
6600 IT 207 630 46,680 200 030 44,970 199 090 44.760 
CYCLE K5 CYCLE #5 CYCLE #5 e CYCLE #5 CYCLE C5 
1200 IT 32 160 7.230 31 050 6,980 27 710 6,230 
2400 IT 71 430 16.060 68 050 15,300 61 690 13,870 
3600 IT 109 730 24,670 102 790 23,110 96 120 21,610 
4800 IT 143 760 32.320 139 440 31,350 131 530 29,570 
6600 I T  191 930 43,150 196 290 44.130 h 190 600 42.850 ~ 
11 CYCLE #6 11 CYCLE 66 I CYCLE #6 ! CYCLE W 11 CYCLE 16 
NOTBS * 
T . * I T *  denotes i n s t a l l a t i o n  torque. 
LI Bolt-nut a s s a d l y  t e s t e d  i n  Transducer Control8 load c e l l .  
Ind ica tor .  
Tenai le  clamp lcad determined from RBI S t r a i n  
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TABLE NO. I K 43 
RESULTS OF 15-CYCLE INSTALLATION TORQLIE-TENSION TESTS OF MS 21250 SBBIES 
EXTERNAL WRENCHING NEAD ALLOY STEEL BOLTS 
TEM COXDITION: TORQUB FROH m DESIGN CUW LOAD: 235 740 Newton8 ( 53,000 Pounds) 
Bolt  Part  No.: MS 21250-12036 
Thread S i r e :  3/4-16 m n - 3 ~  Nut Material:  AMS 6304 STEEL 
Bolt Mater ia l :  8740 STm Nut F in ish :  DRY FILM LUBE OVER CAD!4IuEI PLATE 
Bolt F i n i 6 h : c A a n w  PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion :  MIL-8-8831 Hole Size: 19.456 1111) ( 0.766 i n . )  
Nut Par t  No. : H2O-12 










745.70 I 6600 IT 
135.58 1200 I T  
271.16 2400IT 
406.75 3600 I T  
542.33 4800IT 
745.70 6600 I T  
135.58 1200 IT 
271.16 24001T 
406.75 3600IT 
542.33 4800 IT 
745.70 6600 IT 
135.58 1200IT 
271.16 24001T 
406.75 3600 IT 
542.33 4800 IT 
745.70 6600 IT 
135.58 1200 IT 
542.33 4800 IT 
745.70 6600 IT 
271.16 2400 IT 
406.75 3 6 M I T  




745.70 6 6 0 0 1 ~  
135.58 1200 IT 
271.16 2400 IT 
106.75 3600 IT 
542.33 48001'1 
145.70 6600 TT 
n " 
SPECIMEN NO. 
Newtons I (Pounds) 
SPECIMEN N0.S-T833 I SPECINEN NO.S-T834 SPECIMEN NO.S-T835 SPECIMEN NO. 
INDUCED CLAMP LOA0 
Newtons 1 (Pounds) 1 Newtons I (Pounds) I Newtons I (Pounds) I Newtons 1 (Pounds) 
CYCLE #l CYCLE 11 I CYCLE #I I CYCLE #1 n CYCLE $1 
I I I1 1 1 1 11 1 
40 650 8,660 38 920 8.750 
81 710 1 1 ~ ~ ~ ~ :  i; ii: 1 17,520 82 200 18,480 
118 900 26.730 117 200 26,350 121 160 27,240 
161 240 36,250 158 880 35.720 156 440 35,170 
231 610 52,070 232 190 52,200 226 230 50,860 
CYCLE #2 CYCLE 12 CYCLE #2 CYCLE 12 CYCLE #2 I I 1 1 1 
34 870 I 7,840 n 33 850 I 7:610 I 35 760 I 8.040 I 1 II 1 
15 640 73 480 16.520 73 080 16,430 69 570 
113 510 25,520 107 420 24;150 106 260 23:890 
153 230 34,450 147 580 33,180 144 380 32,460 
223 070 50,150 214 260 48,170 213 280 47,950 
CYCLE #3 fi CYCLE 1 3  11 CYCLE 113 ! CYCLE 1 3  1 CYCLE #3 






7.300 31 890 7,170 
16,030 66 050 14,850 
22,920 103 060 23,170 
31,980 141 310 31,770 
46,460 204 250 45,920 
30 470 I 6,850 11 27 98: 1 6,290 1 28 600 1 6,430 1 1 I I 13,620 62 270 14,000 20,740 94 610 21,270 
1 29.350 132 280 29 140 
27 270 6.130 28 560 6,420 26 510 5,960 
59 510 13,380 62 010 13,940 57 200 12,860 
95 370 21,440 93 270 20,970 92 210 20.730 
127 750 28,720 129 840 29,190 122 990 27,650 
188 860 42.460 192 330 43,240 184 730 41.530 




  11     1   I   
I, 
26 780 6,020 26 200 
CYCLE # l o  11 CYCLE 110 11 CYCLE 110 I CYCLE #10 11 CYCLE # l o  
23 800 1 5,350 1 23 310 I 5.240 1 22 600 1 5,080 1 
53 550 12,040 52 620 11,830 50 970 11,460 
83 000 18,660 82 020 18,440 79 530 17,880 
115 650 26.000 117 250 26.360 110 400 24,820 
172 490 38.780 170 140 38.250 163 550 36 710 1 1 1 
I __  
mus: 
9 
'IT' denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  i n  Transducer Controls load c e l l .  
Ind ica tor .  
Tens i le  clamp l a d  determined from RBI S t r a i n  
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TABLB NO. I K 44 
RESULTS OF 15-CYCLE INSTALLATION Tc4cpue-TENSION TESTS OF MS 21250 SERIES 
EXTWWAL WRENCHING HEAD U O Y  STEEL BULTS 
TEST CCNDITION: TORQLV3 FRDM NUr DBSIOW cL.4MP LMD:' 235 740 Newton. ( 53,000 Pounds) 
Bolt Par t  No.: MS 21250-12036 Nut Part  No. : H20x12 
Thread Size: 3/4-16 UNJF-3A Nut Meter ia l :  A M  6304 STEEL 
Bolt  Mater ia l :  8740 STEEL Nut Finish: CADHIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Pinish:CADMIUM PLATE, 99-P-416, TYPB 11, CLASS 3 
Bolt Spec i f ica t ion :  MIL-B-8831 Hole Size: 19.050 m ( 0.750 in.) 












































542.33 L 813.49 
NOTES: 
2/ 
'IT' denotee i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  i n  Transducer Controls load cell. Tens i le  clamp l a d  determined frcm BBI S t r a i n  -
Indica tor .  
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TABLE NO, I K 45 
RESULTS OF 15-CYCLE INNSTALLATION TORQUE-TENSION TESTS OF MS 21250 SERIES 
EXTERNAL WRENCHING HFAD ALLOY STEEL BOLTS 
TEST CONDITION: TORQUE FROM N W  DESIGN CLAMP LMD: 235 740 Neurona (53,000 Pounds) 
Bolt Part  NO.: MS 21250-12036 Nut Par t  No. : H2OX12 
Thread Size: 3/4-16 m ~ p - 3 ~  Nut Mater ia l :  AMS 6304 STEEL 
Bolt  Mater ia l :  8740 Nut Finish: C A M U M  PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Finish: c4Mm PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt SpeciffcatlOn. mL-B-8831 Hole Size: 19.202 lon ( 0.756 in.) 













































1200 IT 23 750 5,340 24 730 4 5,560 22 460 5.050 W 
2400 I T  55 070 12,380 56 530 12,710 52 840 11.880 
3600 IT 88 380 19,870 88 650 19.930 88 030 19,790 
4800 I T  122 540 27,550 119 160 26,790 118 940 26.740 
7200 I T  197 580 44.420 192 780 43.340 190 600 42.850 
NOTBS: 
21 
'IT' denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  i n  Transducer Controls load c e l l .  
Indic6tor.  
Tensile clamp load determined f r m  RBI S t r a i n  
2 01 
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TABLE NO. I K 46 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF MS 21250 SERIES 
EXCERNAL WRENCHING HEAD ALLOY STEEL BOLTS 
DESIGN CWLe LOAD: 235 740 Newton# ( 53,000 Pounds) 
Nut P a r t  No.: HZOX12 
TEST CONDITION: TORQUE PRCM m 
Bolt Par t  No. : 
Thread Size: 3/4-16 mJF-3A Nut Mater ia l :  A?fS 6304 STEEL 
Bolt  Mater ia l :  8740 S T m  Nut F in ish :  CADHlUH PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Finish:amIm PLATE, QpP-416, TYPE 11, CLASS 3 
MS 21250-12036 
Washer Part  NO.: MS 20002C12 h MS 20002-12 
Bolt  Seecification. m~4-8831 Hole Size: 19.456 m ( 0.766 in.) 
135.58 1200 I T  
271.16 2400 I T  
406.75 3600 IT  
542.33 48001T 
813.49 7200 I T  I 
135.58 1203IT 
271.16 2400IT 
006.75 3600 I T  
542 33 480011 
3i3:49 I 7200 I T  
135.58 12001T 
271.16 2 4 0 0 1 ~  
$06.75 3 6 0 0 1 ~  
242.33 4 8 0 0 ~ ~  
SPECIMEN NO. SPECIMEN NO. SPECMEN NO. S-T841 SPECIMEN NO. S-T842 SPECIMEN NO. 
INDUCED CLAMP LOAD 
Newtons I (Pounds) I Newtons I (Pounds) ! Newtons I (Poundt 
I I I t 
CYCLE # l  11 CYCLE #1 11 CYCLE #I 
25 930 I 5,830 11 31 310 1 7,040 1 
62 090 13.960 67 210 15 i i n  -.--- _. 
102 620 23:070 106 970 24,050 
141 310 [ 31,770 1 
148 430 1 2..:33: 11 218 800 49,190 22  00
28 160 [ 6,330 I 24 110 1 5,420 // 
60 580 13,620 61 520 13,830 
93 320 20,980 96 340 21,660 
128 280 28.840 130 590 29.360 1 
197 270 I 44;550 11 207 370 I 46;620 11 
CYCLE #3 /I CYCLE #3 
26 910 I 6,050 I ::::Or 5 290 11 
58 140 13.070 57 470 
25 710 1 5.780 I 22 110 1 4,970 1 
57 200 12.860 54 980 12,360 
86 960 19,550 89 320 20,080 
121 250 27,260 125 300 28,170 
195 890 44.040 197 270 44 350 
CYCLE #5 11 CYCLE #5 11 CYCLE15 
20 370 4.580 22 420 5.040 
51 730 11;630 53 780 121090 
83 360 18,740 87 090 19,580 
119 160 26.790 121 070 27,220 




































CYCLE #3 CYCLE 63 
CYCLE #4 CYCLE #4 
NOTES. 
T " I T '  denotes i n s t a l l a t i o n  torque. 
2/ Bolt-aut assembly t e a t e d  in Transducer Controls load c e l l .  
Ind ica tor .  
Tensile clamp load determined from RBI S t r a i n  
TABLE NO. I K 47 
UESULTS OF 15-CYCLE INSTALJATION TORQUB-TENSION TEMS OF NS 21250 SERIES 
EXTERNAL W R E X X I N G  HJWl ALLOY STEEL BOLTS 
TEST CONDITION: TCRQUE F E m  BOLT BEAD 
Bolt Part No. : EIS 21250-12036 
Thread Size: 3/4-16 w ~ p - 3 ~  
Bolt Material: 8740 STEEL 
Bolt Finish: CADXIW m T E ,  Qq-P-416, TYPE 11, CLASS 3 
Bolt Specificstmn. m ~ - ~ - 8 8 3 1  
135.581 1200 IT 11 57 070 I 12,830 I 62 450 I 14,040 
271.16 2400 IT 103 060 23,170 106 040 23,840 
406.75 3600 IT 139 180 31.290 149 540 33.620 
542.33 4800 IT 183 970 41.360 188 910 42;470 
677.91 6003 IT 231.520 I 52:050 233 650 I 52,530 
CYCLE X2 CYCLE #2 
I I 
135.58 1200 IT 40 740 9,160 39 230 8,820 
271.16 2400 I1 77 310 17,380 80 290 18,050 
406.75 3600 IT 123 390 27,740 122 900 27,630 
542.33 4800 IT 166 980 37,540 170 OW 38,220 
677.91 6030 IT 211 190 47,480 219 380 49,320 
11 CYCLE 63 I It CYCLE iy3 I ~. I1 I 
135.53 1200 IT 41 940 9,430 38 390 8,630 
271.16 2403 IT 77 880 17,510 80 600 18,120 
406.75 3600 IT 123 210 27,700 121 300 27,270 
542.33 4800 IT 159 950 35.960 167 510 37,660 
677.91 6000 IT 210 120 47.240 214 170 08,150 
CYCLE #4 CYCLE #4 
135.58 1200 IT 37 140 8,353 34 210 7,690 
271.16 2400 IT 74 420 16,730 74 640 16,780 
406.75 3630 IT 111 420 25.050 115 960 26,070 
542.33 4800 IT I51 770 34,120 159 950 35,960 
677.91 6000 IT 193 OW 43,390 206 703 46,470 















33 670 7,570 33 030 7,440 
66 190 14,880 71 030 15,970 
110 220 24,780 114 090 25,650 
147 450 3'3,153 156 480 35,180 
190 150 42,750 203 850 45,830 
I I 
CYCLE M CYCLE 16 
135.581 1200 
IT 11 31 270 1 7,030 11 30 340 1 6,820 271.16 2400 I" 68 280 15,350 66 140 14,870 406.75 3600 IT 101 150 22,740 103 420 23,250 542.33 4800 139 760 31.420 147 270 33.110 
677.911 6030 IT I 178 230 I 40;070 11 188 420 I 42;360 
CYCLE #11 n CYCLE 
135.581 1200 
IT 11 29 940 I 6,730 1 29 890 I 6,720 271.16 2400 IT 59 110 13,290 63 120 14,190 406.75 3600 IT 97 460 21,910 99 990 22,480 542.33 4800 132 730 29.840 142 600 32.060 
DBSIQi CLAMP LWD: 235 740 Newtons ( 53,000 Pounds) 
Nut Part No.: HZO-12 
Nut Itaterial: APIS 63% STEEL 
Nut Finish: 
Washer Part NO.: 
Hole Size: 19.202 tm ( 0.756 in.) 
DRY PIIW LUBE OVER CMMW PLATE 
Hs 2MM2C12 b MS 2BMn-12 







































CYCLE #4 I 
33 000 7,420 
70 860 15,930 
115 960 26,070 
154 520 31.740 




31 850 7,160 
66 010 14,840 
107 690 24.210 
149 760 33,670 
193 890 43,590 
CYCLE 1110 
176 7601 39;740 
CYCLE #15 
CYCLE #l 
 CYCLE I 2  
 
CYCLE K4 
 CYCLE IS 
CYCLE 110 
1 CYCLE (ill 
Newtons I (Pounds) 
CYCLE #6  
NIXES * 
-i7-**IT1 denotes installation torque. 
2/ Bolt-nut assembly tested in Transducer Control. load cell .  
Indicator. 
Tensile clamp l a d  determined from BBI Strain 
203  
TABLE NO. I K 48 
B E S ~ T S  OF IS-CY~E INSTALLATION T~QIIE-TWSION TESTS OF w 21250 SERIES 
EXTERNAL WRENCHING HEAD ALLOY STEKL BOL!l'S 
I '  
I .  204 
DBSIQS CLAW LWD: 235 740 Ueuton. ( 53,M)O Pounds) 
Nut Part No. : H20X12 
TEST CCWITION: 
Bolt Part NO.: Hs 21250-12036 
Thread Size: 3/4-16 UNJF-3.4 Nut Material: AMs 6304 STEm 
Bolt Material: 8740 Sl'EBL Nut Finish: CABIIW PLATE, 99-9-416, TYPE 11, CLASS 3 
Bolt Fini6h:CAmIM W E ,  QQ-P-416, TYPE 11, CLASS 3 
TORQLIB PBDM BOLT W 
Wsaher Part NO.: W 20002C12 & MS 2O002-12 
































































































SPECIMHeLV NU. --I SPECIMEN NO. ST846 SPECIMEN NO. S-T847 SPECMEN NO. S-T848 INDUCED C U M P  LOAD 
Newtons I (Pounds) 1 Newtons I (Pounds Newtons 1 (Pounds) 
CYCLE #I n CYCLE CYCLE 11 
25 220 5,670 21 620 4.860 21 800 4,900 
53 603 12,050 50 570 11,370 48 750 10,960 
92 380 20,770 93 140 20.940 83 310 18,730 
136 780 30,750 131 970 29,670 122 630 27,570 
225 340 50,660 I 226 270 50.870 221 470 49.790 
CYCLE #5 11 CYCLE 15 11 CYCLE 15  
I II I /I I 
17 840 6,010 19 040 'r.280 19 040 4,280 
42 660 9.590 U 880 10,090 63 860 9,860 
70 530 15,870 72 370 16,270 67 300 15,130 
105 660 23,530 99 860 22,450 97 320 21,880 
188 330 02.340 196 560 44,190 193 710 43.550 
17 790 I 4,000 1 17 610 I 3,960 11 17 040 I 3.830 
42 080 9,460 43 100 9,690 41 140 9,250 
69 520 15.630 70 010 15.740 64 230 14.440 
NOES: 
2/ 
'IT' denotes installation torque. 
Bolt-nut assembly tested in Transducer Controls load cell. 
Indicator. 
Tensile clamp l M d  determined frm RUI Strain 
TABLE NO. I K 49 
I(BsmA”l’ OF 15-CpcLE INSTALLATIOW TORQUE-TBNSION TESTS OF MS 21250 SERIES 
BXTKRNAL WSBNCHING HEAD ALLOY STBEL BOLTS 
TEST CONDITION: TORQUB FRM Nm DESIGN CLAMP L U D :  235 740 Newtone ( 53,000 Pounds) 
Bolt Part No. : US 21250-12070 Nut  Part No.: H20-12 
Thread Sire: 3/4-16 UNJP-U Nut Material: AMs 6304 STEHL 
Bolt Material: 8740 
Bolt Finish:CADMIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Specification. Mn-B-8831 Hole sire: 19.050 m ( 0.750 in.) 
Nut Finish: 
Washer Part NO. : 
DRY FILH LUBE OVER CADELIUM PLATE 
MS 20002C12 6. Ms 20002-12 
745.70 6600 ii 
135.58 1200 IT 
271.16 2400 IT 
406.75 3600 IT 
542.33 4800 IT I-745.70 6600 IT 
1 542.331 4800 ;; 
745.70 6600 I T  
135.58 1200 IT 
271.16 2400 TT 
SPECIMEN NO.S-T849 SPECIMEN NO.S-T850 SPECMEN NO.S-T851 SPECIMEN NO. SPECIMEN NO. 
INDUCED CWLHP LOAD 
39 920 8,750 
80 290 18,050 
119 430 26,850 
159 910 35,950 
225 290 50.650 
I .  
CYCLE #2 
CYCLE #3 
61 600 13,850 
LOO 970 22,700 
130 330 29,303 
202 380 I 45,500 -’ - -  
vCYCLE #4 
25 130 5,650 
58 270 13,100 
90 960 20,450 
26 990 28,550 L194 CYCLE 600 #5 43,750 
CYCLE M 
80 950 I 18;200 
114 980 25,850 
176 140 39,600 
 
CYCLE #10 
1 7  350 3,900 
44 700 10,050 
72 280 16,250 
99 860 22.450 
157 240 I 35;350 
CYCLE # l l  
18 460 4,150 
45 370 I 10.200 
CYCLE 115 
 
Newtons I (Pounds) Newtons I (Pounda 
CYCLE #l n CYCLE #I 
I 1 I 38 250 34 690 1 7,800 8,600 
75 620 17,000 74 280 16,700 
L18 090 26,550 112 530 25,300 
161 240 26,250 151 230 34,000 
129 290 51,550 217 730 48,950 
CYCLE #2 CYCLE 12 
t21 650 27;350 133 220 I 29:950 
83 920 41,350 192 150 43 200 
CYCLE 64 CYCLE #4 1 5,200 23 130 1 25 350 1 5:700 55 160 12.400 53 600 12,050 82 960 18,650 88 960 20,000 15 650 26,000 119 650 26,900 181 260 40,750 180 140 40 500 
CYCLE #> 11 CYCLE 05 
I II 1 
114 980 I 25;850 I 114 760 1 25:800 
178 810 40.200 175 030 39.35Q 
I I 1 
CYCLE #6 CYCLE 16 
L66 800 I 37:500 11 176 360 I 19‘650 
CYm 110 CYCLE #lo 
45 370 10,200 48 930 11,000 
70 280 15,800 75 390 16,950 
102 750 23,100 107 640 24,200 
159 460 35,850 167 240 37,600 
CYCLE #11 CYCLE 111 
18 010 I 4.050 I :: IS: 1 4,200 
44 700 10,050 46 480 10,450 
69 830 15.700 17.600 
.02 750 , 23 100 1106 750 24;000 
59 240 I 35i800 164 130 36,900 
CYCLE 115 CYCLE #I5 
16 460 I : 1 1 7  120 1 3:850 
43 150 42 480 9,550 
72 060 16,200 69 830 15,700 
00 520 22,600 97 410 21,900 












 CYCLE #11 
 CYCLE #I5 




CYCLE # l l  
CYCLE #15 
T I I T ‘  denotes instal la t ion torque. 
&I Bolt-nut assembly tested i n  Transducer Controls losd cel l .  
Indicator. 
Tensile clamp l a d  determined from RBI Strain 
205 
TABLE NO. I K 50 
RESULTS OF 15-CYCLE INSTALLATIW TCP.qUE-TEt?SION TZSTS OF NS 21250 SERIEB 
BBBUWAL W.ENCl3uID NEbD ALLOY STEBL BaTS 
DgcIQT CLMP LObD: 235 740 Newton# ( 53,000 Pounds) TEST CONDITION: TORW FUDM NUT 
Bolt Part No.: N8 21250-12070 llut Part No.: R2O-12 
Thread Size: 3/4-16 W.lF-U Nut Material: AM 6304 STEEL 
Bolt Material : 8740 mBBL Nut Finish: DRY FILM LUBE OVER -(M PWTE 
Bolt Finish: cM*IJ[IM PLATE, 99-P-416, TYPE 11, CLASS 3 
Bolt Specification: MIL-B-8831 Hole Size: 19.177 1b.1 ( 0.755 in.) 
Washer Part No. : Hs 20002C12 & MS 20002-12 
0 
0 
135.58 1200 IT 
271.16 2400 IT 
406.75 I 3600 IT 
542.331 4800 1; 
745.70 6600 IT 
135.58 1200 TT 
406.75 3603 ii 
745.70 6600 IT 
135.58 1200 IT 
271.16 2wx) IT 
406.75 3600 IT 
542.33 4800 IT t745.70 6600 IT 542.33 4a00 IT 
135.58 1200 IT 
271.16 2400 IT 
406.75 I 3600 IT 
135.58 1200 IT 
271.16 2400 IT 
406.75 3bW IT 
542.33 4800 IT 
745.70 6600 IT 
542j33) 4800 IT 
745 70 6600 IT 
SPECMEN NO. S-T852 SPECIMEN NO. S-T853 SPECMN NO. S-T854 
Newtons I (Pounds 
CYCLE #I l--_-T__ 
46 170 10,380 
89 850 20,200 
12 550 28,210 
160 440 36,070 
239 880 53,930 
CYCLE I 2  
CYCLE #3 
CYCLE #4 
CYCLE #5  
53 640 12,060 
89 090 20,030 
184 370 41,450 
 
C Y a  #lo 
19 390 4,360 
48 790 10,970 
74 990 16,860 
107 060 24,070 
154 920 34.830 
1 .  
C Y C L E  111 
INDUCED CLAMP LOAD 
:; % I 1::::: I :: E I 1% 
112 OW 25.180 110 180 24.770 
29 710 6,680 25 710 5,780 
67 480 15.170 59 650 13,410 
105 330 23.680 92 210 20.730 
144 520 32.490 127 920 28,760 
213 150 47,920 190 550 42,840 
CYCLE 15 CYCLE #5 
I I 
j6 5:840 I 21 930 1 4: 61 470 13.820 54 350 12,220 95 900 21,560 85 270 19,170 133 570 30.030 118 900 26,730 199 450 44 40 179 700 40 400 CYCLE #6 1 24 330 23 570 I . 5:3W 1 5 7 0  57 650 12,960 53 460 12,020 92 300 20,750 84 250 18,940 126 150 28,360 117 340 26,380 190 820 42 900 179 520 40 36  
CYUE #10 11 CYCLE 110 
I n I 
1 
19 750 4,440 GALLING 
48 660 10,940 lsTB CYCLl 
76 950 17,300 
106 620 23,970 
160 350 36,050 
CYCLE #I 
CYCLE #4 
CYCLE 16 I 
22 420 5,060 
52 840 11,880 
86 600 19,470 
121 250 27,260 

















16 990 3,820 
41 060 9,230 
66 590 14,970 
93 670 21,060 I 32.230 143 360 












‘IT’ denotes installation torque. 
9 Bolt-nut assembly tested in Transducer Control8 lcvd cell. 
Indicator. 
Tenaile clamp load determined frm U I  Strain 
206 
RESULTS OF 
TABGE NO. I K 51 
15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
HXTBBNAI. -WING BEhD ALLOY STEEL BOLTS 
MS 21250 SERIES 
TEST CONDITION: TORPU~ r n ~  rn DBSIgs CWMP LOAD: 235 740 Newtons ( 53,000 Pounds) 
Bolt Part No. : MS 21250-12070 
Thread Size: 3/4-16 0~n-x 
Bolt Haterial: 8740 ST= Nut Finish: DRY FILM LUBE OVER CADMIUM PLATE 
Nut Part NO. : HZO-12 
Nut Material: M 6304 STEEL 
Finish: CADMIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 Washer Part NO.: MS 20002C12 & MS 20002-12 


































































































SPECIMEN NO, SPECPLar N0.S-T856 SPECIMEN NO. Sb85 SPECWN NO. s-T85 
CYCLE #2  
32 690 7,350 
70 720 15,900 
109 640 24,650 
148 790 33.450 
219 730 I 49;400 
CYCLE 83 
102 530 23;050 
141 450 31,800 
207 720 46,700 
 
CYCLE #4 
27 360 6,150 
63 610 14,300 
97 630 21,950 
136 110 30.600 
201 720 1 45;350 
CYCLE X5 













151 900 I 34;150 
INDUCED CLAW LOAD 
Newtons I (Pounds) I Newton8 I (Poundli) 
CYCLE #l 11 CYCLE 21 
32 470 
71 840 1 1 ~ : ~ ~ ~  11 % :E 1 1::;: 
107 640 24.200 109 870 24.700 
149 900 33;700 146 120 32;850 

















I 68 050 I 15;OOO 15;300 
22,350 107 420 24.150 
39.800 144 780 32,550 
45,650 206 610 46,450 
CYCLE #4 
5,650 28 690 6,450 
12,900 64 050 14,400 
21,450 99 410 22.350 
29,750 135 440 30,450 
44.700 196 820 44,250 
CYCLE X5 
1 
5,850 (1 27 800 I 6,250 13.150 59 160 13.300 )I 92 070 1 2Oj800 20;700 
30,100 121 210 28,600 
43 900 185 260 41.650 
CYCLE #6 11 CYCLE 96 
I II 1 
20 910 4,700 1 23 8001 5,350 I 51 820 11,650 55 380 12,450 89 400 20,100 88 520 19,900 123 880 27,850 118 760 26,700 183 920 41,350 177 480 39,900 



















1 20 6801 4,650 
49 600 11,150 
16,100 79 620 17,900 
22,450 111 870 25,150 
34,850 166 360 37,400 
CYCLE X11 
::$:: I 19 5701 4.400 
47 150 10,600 
15,800 78 510 17,650 
22,100 105 420 23,700 
34,250 163 020 36.650 
CYCLE 115 
45 810 10,300 
16,350 74 280 16,700 
20,800 102 970 23,150 
33 350 157 010 35 300 
'IT' denotes installation torque. 
Bolt-nut assembly tested in Transducer Controls load cell. 
Indicator. 
Teniile clamp load determined from RBI Strain 
207 
TABLE NO. I K 52 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF MS 21250 SERIES 
EXTERNAL WRENCHING HEAD ALLOY STEEL BOLTS 
TEST CONDITION: TORQUE FROM NUT DESIGN CLbW LOAD: 235 740 Newtons ( 53,000 Pounds) 
Bolt  P a r t  No. : MS21250-12070 Nut Part  No. : H20X12 
Thread Size: 3/4-16 m-3A Nut Mater ia l :  AMs 6304 STEEL 
Bolt MBferial: 8740 STFEL Nut F in ish :  CAIE4IW PLATE, 99-P-416, TYPE 11, CLASS 3 
Bolt  F in ish :  W M I W  PLATE, QQ-P-416, TYPE 11, CISLSS 3 
Bolt Spec i f ica t ion :  MIL-B-8831 Hole Sire: 19.2CQ arm ( 0.756 in.) 












































: in - lbf )  
1200 IT 






3600 I T  
4800 IT 



































B O O  IT 
i600 IT -
SPECIMEN NOST859 SPECIMEN N0.S-T860 SPECIMEN N0.S-T861 SPECMEN NO. SPECIMEN NO. 
INDUCED CLAMP LOAD 
Newtons I (Pound.) I Newton8 1 (Pounds) I Newtone 1 (Pounds) I Newtons I (Pounds) 
CYCLE I1 I CYCLE 11 1 CYCLE C1 1 CYCLE X 1  
1 1 1 1 II 1 
CYCLE I1 
I 
34 380 I 7.710 
74 770 16:8;0 
115 070 25,870 
155 320 34,920 
230 580 51.840 
CYCLE 12  
27 840 6,260 
62 850 14,130 
101 190 22.750 
140 910 
210 840 I :::% -CYCLE #3 
26 150 5,880 
59 470 13,370 
95 900 21,560 
135 220 30,400 
204 470 45,970 
CYCLE 14 
24 860 5,590 
55 820 12,550 
91 760 20,630 
128 410 28,870 
194 470 43,720 
CYCLE $5 
CYCLE #6 v 
23 400 5,260 
51 510 11,580 
84 200 18,930 
117 290 26,370 
.80 810 40.650 
CYUZ t 1 0  
CYCLE $15 
44 840 1O;OSO 
72 720 16,350 
05 680 23,760 
60  970 I 36,190 
31 450 I 7,070 I 73 080 16,430 70 990 15,960 115 740 26.020 110 620 24.870 35 810 I 8,050 I 1 1 I 
NDTBS : 
2/ 
' IT'  denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t a s t e d  i n  Transducer Controls lcad c e l l .  
Indicator. 
Tens i le  clamp l a d  determined frcl RBI S t r a i n  
208 
TABLE NO. I K 53 
RESULTS OF 15-CYCLE INSTALLATION ToRgua-TENSION TESTS OP US 21250 SERIES 
BXTERNAL URENCHING HEAD ALLOY STKEJ. BOLTS 
TEST CONDITION: TORQUE FKU4 BOLT KEAD DESIGN CLAMP LOAD: 235 740 Newtonm ( 53,000 Pounds) 
Bolt Part No. : MS 21250-12070 Nut Part No.: R2O-12 
Thread Sire: 3/4-16 IIKT~-U Nut Material: AMs 6304 STEEL 
Bolt Material: 8740 STEEL Nut Finish: 
Washer Part NO.: 
DRY FILM LUBE WBR (2DXII.M PLATE 
MS 20002012 & MS 20002-12 Bolt Finish: CADXIDM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Speeifieatxon: MIL-B-8831 Hole Sire: 19.202 w ( 0.756 in.) 
SPECIMEN NO. SPECIMEN NO. ST862 SPECIMEN NO. S-T863 SPECIMEN NO. S-T864 SPECIMEN NO. TORQUE 
i l  INDUCED C L M 2  LOAD 
NIT (in-lbf) Newtons I (Pounds] Newtons I (Pounds) 11 Newtons I (Pounds) I Newtons I (Pounds) Newtons I (Pounds) 
CYCLE 61 
I I 135.581 12W IT 1 66 720 I 15,000 
271.16 2400 IT 108 220 24,330 
406.75 3600 IT 163 150 36.680 
542.33 4800 IT 197 270 44.350 
677.91 6 w 0  IT 238 770 53,680 
CYCLE 12 
135.58 1200 IT 41 100 9.240 I 271.161 2400 I! 73 170 ;i I 16i450 
406.75 3600 IT 135 620 30,490 
542.33 4800 IT 191 890 43,140 
677.91 6000 IT 221 960 49,900 
I I  11 CYCLE #3 
I I  ll 7 
135.58 1200 IT 34 520 7,760 I 271.161 2400 IT 11 70 550 I 15.860 
406.75 3600 IT 107 820 24:240 
542.33 4800 IT 155 900 35,050 
677.91 6000 IT 192 910 43,370 
11 CYCLE #10 I I  
135.58 1203 IT 
271.16 2400 IT 61 830 13,900 I ul5.7A 3600 IT 11 :: 1:: I 2::::: 




103 500 23,370 100 750 
152 570 34,300 151 540 
192 020 43,170 188 330 
231 070 51,950 235 080 
38 740 1 8,710 I 44 570 
77 970 17,530 78 420 
128 500 28,890 122 720 
179 830 40,430 177 340 
214 260 48.170 221 240 
42 ;340 
52,850 
CYCLE #2 CYCLE I2 






CYCLE 63 CYCLE #3 
I t 
I l l  8,470 16,860 26.700 
37;620 
47,180 I 
CYCLE W 11 CYCLE #4 a CYCLE #4 11 CYCLE 
, . ,, 
CYCLE I5 11 CYCLE #5 
I I1 I n 
33 580 I 7,550 I/ 35 760 I 8,040 I I 1 1 67 520 15,180 64 850 14,580 110 710 24.890 110 440 24.83
Y 
25 710 5,780 28 200 6,340 
54 980 12,360 58 050 13,050 
84 820 19,070 93 140 20,940 
124 320 27,950 131 970 29,670 
158 040 35,530 170 000 38,220 I 
NUfBS: 
2/ 
'IT' denotes installation torque. 
Bolt-nut asnembly tented in Transducer 
Indicator. 
Controls load cell. Tensile load determined frm RBI Strain 
2 0 9  
TABLE NO. I K 54 
RBSLLTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF MS 21250 SERIES 
m m  WaBNCRIBO BBdD ALLOY STEEL BOLTS 
TEST CONDITION: 
Bol t  P a r t  No. : MS 21253-12070 
TORQUE FROM BOLT HBbD DESIGN CLAMP LOAD: 235 740 Newtons ( 53,000 Pounds) 
Nut P a r t  No. : HZOXl2 
Thread Size :  3/4-16 m - 3 ~  Nut M a t e r i a l :  AELS 6304 STEBL 
Bolt M a t e r i a l :  8740 STE~I. Nut F i n i s h :  CADMIM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bol t  F i n i s h :  CADHIM PLATE, Q9-P-416, TYPE 11, CLASS 3 Washer P a r t  No.: MS 20002C12 h MS 20002-12 
Bolt S p e c i f i c a t i o n :  w - s - 8 8 3 1  
1 135.581 1200 IT  1 17 530 1 3,940 1 f 9  390 1 4,360 
271.16 2400 I1 47 680 10,720 r7 950 10,780 
406.75 3600 IT  77 130 17,340 80 780 18,160 
542.33 4800 IT  112 050 25,190 120 100 27,000 




I T  
I T  - I/ 197 850 1 +4;480 11 203 470 I 451070 
CYCLE 15 11 CYCLE C5 
I I1 I 
135.58 1200 I T  18 550 4,170 17 210 3,870 
271.16 2400 I T  $0 080 3,010 39 590 8,900 
406.75 3600 IT  80 200 18,030 71 520 16,080 
542.33 4800 I T  112 930 25,390 111 730 25,120 
745.70 6603 I T  192 690 43.320 189 260 42,550 
CYCLE t 6  CYCLE 16 
135.58 1200 IT  19 260 4,330 
406.75 3600 IT  78 150 17,570 
542.33 4803 IT  108 180 24,320 
745.70 6600 I T  190 640 42,860 
271.16 2400 IT  40 210 9.040 
CYCLE 1.10 CYCLE 110 
I I 
135.58 1200 IT 
271.16 2400 IT  
406.75 3600 I T  
542.33 4803 I T  
745.70 6600 IT  
IT  
I T  
IT  
IT 
Hole Size: 19.202 w (0.756 in.) 
SPECIMEN NO. S-T867 SPECIMEN NO. SPECIMEN NO. 
AMP LOAD 
Newtons (Pounds' 
CYCLE 12  I 
21 480 4,830 
51 820 11,650 
89 270 I 20.070 
CYCLE #4 I 
16 990 3,820 
41 410 9,310 
72 810 16,370 
106 130 23,860 




18 010 4,050 
41 540 9,340 
78  280 17,600 
112 130 25,210 






CYCLE 111 I CYCLE #15 
CYCLE #1 
-i 
CYCLE 13 I CYCLE #4 
I CYCLE #5 
CYCLE #6 
-7- 
CYCLE #10 I CYUE #ll 
I CYCLE X15 
Newtons I (Pounds) 
CYCLE #I  , 
CYCLE 112 I 
CYCLE 113 
1 CYCLE #4 
CYCLE ( 5  I 
CYCLE #6 7- 
CYCLE 1.11 -r CYCLE 115 
NOTES: 7'IT' denotes  i n s t a l l a t i o n  torque .  
TI Bolt-nut assembly t e s t e d  i n  Transducer  Cont ro ls  load cell. 
I n d i c a t o r .  
T e n s i l e  claw l c a d  determined from RBI S t r a i n  
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TABLE NO. I L 1 
RESULTS OF 15-CYCLE INSTALLATIa TORQUE-TENSION TESTS OF MS 21250 SEFXES 
WI'ERNAL WRENCHING HEAD ALLOY STEEL BOLTS WITH NEW NUTS 
SUBSTITUI'ED AT 6TH CYCLB 
DESIGN CLAMP LMD: 24 020 Newtons ( 5.400 Pounds) 
Nut Par t  No.: 1323-4 
TEST CONDITION: TORQUE ma4 NUT 
Bolt Par t  NO.: MS 21250-04012 
Thread Size: 1/4-28 WJF-3A Nut Material:  AMs 6304 STEEL 
Bolt Mater ia l :  8740 STEEL Nut F in ish :  DRY FILM LUBE OYER CAIMIUM PLATE 
Bolt F in ish :  CADMIUM PLATE, 99-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion :  MIL-B-8831 Hole Size: 6.452 mn ( 0 254 in.) 



















































I 11 SPECIMEN NO. S-T8681 SPECIMEN NO. S-T86911 SPECIMEN NO. S-T8701 SPECMEN NO. S-T871 1 SPECIMEN NO. S-T872 
INDUCED CLAMP LOAD y 






100 5  IT 1~ 6 720 1.510 
150 IT 10 140 2.280 
200 IT 13 700 3,080 
220 IT 15 720 3,535 
100 IT 6 000 1,350 
150 IT 9 210 2,070 
200 IT 12 630 2,840 
220 IT 14 520 3,265 
CYCLE C5 
50 IT 2 980 
CYCLE #6 
200 IT 19 220 4 320 
220 I T  11 21 620 I 4i860 
50 IT ItfYYk- 
100 IT 
150 IT 11 ," i;: 1 ::::E 
200 IT 13 260 2,980 
220 IT 14 810 3,330 
CYCLE 111 
I 
// 12 540 200 IT ! 2;820 
220 I T  14 520 3,265 
CYCLE #I5 
Yewtons I (Pounds) 1 Newtons I (Pounds 
CYCLE #1 1 CYCLE #1 
I B 1 
3 830 
7 520 1 1,: 1 i ,"'2: 1 1.;:: 
11 610 2,610 12 230 2.750 
1 5  660 3,520 16 640 3,740 
17 990 4.045 19 060 4.285 
CYCLE #4 
CYCLE 16 CYCLE 
I 
22 020 4 950 I 2 : r E  
24 800 I 5i575 24 460 
CYm 1.10 
12 680 2.850 14 060 
14 520 I 31265 16 010 
CYCLE C15 CYCLE 
2 110 475 2 360 
4 540 1,020 5 340 
7 250 1,630 8 630 
10 100 2,270 11 790 


























Newtons I (Pounds) Newtons I (Pounds1 
CYCLE 11 CYCLE #1 
1 1 
& 760 I 1 070 4 761 I 1.070 
9 i00 2:lSO 10 410 2:340 
14 VI0 1 3,360 I 16 110 1 3.600 
20 100 4,520 21 710 4.880 
22 683 5.109 24 460 5.500 
CYCLE 1 2  CYCLE #2 
CYCLE #3 11 CYCLE 1 3  
L 140 930 3 830 860 
7 780 ::;/: 1 8 110 
16 320 3.670 l i  080 
CYCLE #4 CYCLE #4 
11 970 12 540 2,820 
18 460 4,150 19 350 4,351 
1 5  030 14 720 
2 940 660 I 3 i i r )  j 700 
6 2iO 1,410 6 450 1.45'1 
9 790 2,200 10 100 2,270 
13 480 3,030 1 3  880 3.120 
1 5  430 3,470 1 5  i50  3.540 
CYCLE C l l  CYCLE #ll I 3 110 2 540 570 700 
5 650 1,270 6 450 1.450 
9 030 2,030 1 0  100 2,270 
12 410 2,790 1 3  880 3,120 
14 230 3,200 15 750 3.540 
CYCLE t 1 5  CYCLE #15 
1 910 I ,430 1 1 I 500 
4 540 1,020 4 760 1,070 
7 2YO 1,640 1 I 740 
1 0  050 2,260 10 590 2,380 
11 790 2 650 12 100 2,720 
'IF denote8 i n s t a l l a t i o n  torque. 
Bolt-nut assembly tea ted  i n  Transducer Controls load c e l l .  
from Hoseley Autognf  Recorder. 
Tens i le  c l w p  load determined from X-Y curve 
H23 Ser ies  nut. torqued wi th  12-point socket. 
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TABLE NO. I L 2 
RESULTS OP 15-CYCLE INSTALLATION TORQUB-TENSION TESTS OF Hs 21250 SERIES 
E]PTBRNAL VflBlpCHRlo RBAD ALLOY STEEL BOLTS WITH NEW NUTS 
SUBSTITUTED AT 11TH CY- 
TEST COITION: TORQUB FRQ4 NU2 DBSIGN CLAMP LWD: 24 020 Newtoni ( 5.400 Pounds) 
Bolt Part No.: MS 21250-04012 Nut Part No. : 823-4 
Thread Sire: 1/4-28 DNm-3A Nut Material: AMs 6304 STEEL 
Bolt Material: 8740 STEEL 
Bolt Finish: CADMIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Speci f icat ion:  MIL-8-8831 Hole Size: 6.452 mm ( 0.254 in.) 
Nut Finish: DRY FIIM LUBE OVER CAOMIUH PLATE 
Washer Part No.: MS 20002C4 h MS 20002-4 


































i f  INDUCED CLAMP LOAD 
(in-lbf) Newtons 1 (Pounds) 1 Newtons (Pounds) Newtons I (Pounds) I Newtons i (Pounds 
CYCLE #I n CYCLE c1 n CYCLE #I I CYCLE #1 
I I 1 1 
II CYCLE T II 
220 IT 11 15 750 I 3.540 11 14 810 I 3:330 I/ 16 900 I 3’800 11 18 460 I 4’150 
CYCLE 15 CYCLE #5 CYCLE #5 I CYCLE #5 
51) IT 3 110 700 2 S40 660 3 200 720 3 110 700 
100 IT 6 140 1,380 6 090 1,370 6 580 1,480 6 ?60 1,520 
150 IT 9 560 2,150 9 300 2,090 10 560 2,330 10 810 2,430 
200 IT 13 080 2,940 12 630 2,840 14 140 3.180 14 770 3,320 
220 IT 14 810 3,330 14 520 3,265 16 320 3,670 16 700 3,800 
CYCLE 116 CYCLE 16 CYCLE #6 CYCLE #6 





















50 IT 4 540 1,020 4 140 930 3 870 870 
100 IT 10 100 2,270 9 070 2,040 9 030 2,030 % 1 2,;: 
150 IT 15 660 3,520 15 480 3,480 14 540 3,270 14 410 3,240 
200 IT 21 480 4.830 21 170 4,760 20 376 4,580 19 930 4,480 
220 IT 24 200 5.440 24 200 5.440 23 290 5,235 22 680 5,100 
‘ ’ 
CYCLE 115 CYCLE #15 CYCLE A 5  w CYCLE #15 
50 IT 2 800 630 2 540 570 2 670 600 2 450 550 
100 IT 6 580 1,480 5 960 1,340 6 090 1,370 5 870 1,320 
150 IT 10 540 2,370 9 520 2,140 9 700 2,180 9 560 2,150 
200 IT 14 540 3,270 13 210 2,970 13 390 3,010 13 170 2.960 
220 IT 16 640 3,740 15 120 3,400 15 430 3,470 15 120 3.400 
CYCLE #5 
I 030 1 :::51 1 
10 900 2,450 




3 110 700 
1: 2: I ::::: I 
CYCLE #15 
10 810 2,430 
14 990 3,370 
16 900 
‘IT’ denotes installation torque. 
Bolt-out assembly teated in Tranaducer Controls lad cell. 
franMoseley Autograf Recorder. €123 Series nuts torqued with 12-point socket. 
Tensile el- lad determined from X-Y eume 
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TABLE NO, I L 3 
R3SVLTS OF 15-CYCLE INSTALLATION TOP.QUE-TBNSION TESTS OF MS 21250 SERIES 
E X T W  WRENCHING HEAD ALLOY STEEL BOLTS WITH NEW N U E  
SDBSTITUTED AT 6TH CYCLE 
T E S  mI"ION: TORQUE pBM DBSIQl CLAW LIXD: 24 020 Newton# ( 5,400 Pounds) 
Bolt  Par t  No.: 21250-04012 &t P a r t  No. : ~ 2 x 4  
Thread Size: 1/4-28 mJP-3A Nut Material:  AMs 6304 STEEL 
Bolt Mater ia l :  8740 STEEL Nut F in ish :  CAIMIUM PLATE, TYPE 11, CLASS 3, qQ-P-416 
Bolt  F in ish :  CALWIM PLATE, 99-P-416, TYPE 11, CLASS 3 
B O l L  Spec i f ica t ion :  MIL-B-8831 Hole Size: 6,452 m ( 0 254 in . )  
























































INDUCED CLAW LOAD 
[ in- lbf )  Newtons I (Pounds)[ Newtons I (Pounds) I Newtons I (Pounds Newtons 
. CYCLE CYCLE 11 CYCLE #I I CYCLE #I 



















100 IT I 6' fz I 1.z 
150 IT 10 450 2,350 
200 IT 14 990 3.370 
220 IT 11 12 570 I 21825 
20 990 4 720 22 330 5;020 
24 860 I 5I590 27 310 I 6,140 
CYCLE #2 CYCLE 12 CYCLE 12 
4 140 930 4 710 1 060 
8 850 1,990 9 960 2i240 
14 140 3,180 16 010 3.600 
19 440 4,370 22 330 5,020 
22 950 5,160 27 310 6.140 
CYCLE 13 1 CYCLE #3 1 CYCLE 1 3  
1 1 1 
3 420 770 2 800 630 
7 700 1,730 7 380 1,660 
12 370 2,780 12 630 2,840 
1 7  080 3,840 18 640 4,190 
20 190 4,540 22 680 5,100 
CYCLE 14 CYCLE 7% 
1 1 1 700 1 2 670 1 l,:z 1,580 6 32
11 120 2,500 11 830 2,660 
15 390 3,460 17 610 3,960 
I8 570 4,175 21 570 4.850 
CYCLE 1 5  CYCLE 1 5  
2 800 630 2 450 550 
6 450 1,450 6 050 1.360 
10 540 2,370 11 030 2.480 
14 460 3.250 16 280 3,660 
17 480 3,930 18 860 4,240 
CYCLE 16 CYCLE 1 6  
4 270 960 1830 860 
9 070 2,040 8 810 1.980 
14 190 3,190 14 190 3,190 
19 700 4,430 20 730 4,660 
23 490 5,280 24 910 5,600 
CYCLE #lo CYCLE #lo 





14 590 3;280 1 5  750 31540 
17 750 I 3,990 18 100 I 4.070 I 
CYCLE 111 n CYCLE y.11 CYCLE 111 
2 800 630 
1 n 1 
.. 
6 050 1,360 
9 960 I 2.240 
13 430 3,020 
16 370 3.680 












CYCLE #15 CYCLE #I5 
5 120 1,150 
7 340 1,650 
1 2  320 2,770 







CYCLE #5 1 
CYCLE #6 1 
CYCLE 110 
1 CYCLE #11 
T- CYCLE X15 
'IT' denote. i n s t a l l a t i o n  torpue. 
Bolt-nut assembly t e s t e d  i n  Transducer Controls l o a d  c e l l .  
fran Moseley Autograf Recorder. 
Tensile c l a p  load determined frw X-Y curve 
R23 S e r i e s  nuts  torqued wi th  12-point socket. 
21 3 
















































RESULTS OP 15-CYcLB INSTALLATION TORQUE-TBNSICN TESTS OF MS 21250 SERIES 
WIIBNCHING HEAD ALLOY STEEL BOLTS UITH NHU NmS 
SUBST-KD AT 11TH CYCLE 
TEST COXDITION: TORQDJJ ~RCH DESIGN Mw LWD: 24 020 Newtons (5.400 Pounds) 
Bol t  P a r t  No.: MS 21250-04012 Nut P a r t  NO.: H23X4 
Thread Size: 1/4-28 mGTp-3A Nut Material: AMS 6304 STBEL 
. Bolt M a t e r i a l :  8740 SmEL Nut F i n i s h :  CADPIIW PLATE, TYPE 11, CLASS 3, Q?-P-416 
Bol t  F i n i s h :  CADHITJM PUTE, 99-P-416, TYPE 11, CLASS 3 
Bol t  S p e c i f i c a t i o n .  MIL-B-8831 Hole Size: 6.452 mm ( 0.254 in . )  
Wabher P a r t  No.: MS 20002C4 6 MS 20002-4 
- L/ 
i n - l b f )  
50 IT  
100 IT 
150 IT 
200 I T  
220 I T  
~ 
50 I T  
100 IT  
150 I T  
203 IT 
220 I T  -
50 I T  




50 I T  
100 IT  
150 IT  
200 IT 
220 I T  -
50 I T  
100 I T  
150 I T  
200 I T  
220 I T  
50  I T  
100 I T  
150 I T  
200 IT 
220 I T  -
50 IT 
100 I T  
150 I T  
200 IT 
220 IT 
50 I T  
100 I T  
150 I T  
200 I T  
220 IT -
50 I T  
100 I T  
150 IT  
200 I T  
220 I T  -
SPECIMES NO.S-T881 SPECIMEN NO.S-T882 SPECIMEN NO. S-T88 SPECIMEN NO. 
INDUCED CLAMF LOAD 
Newtons I (Pounds) 
--?---- 
CYCLE t 2  
5 340 1,200 
11 033 2.480 
17 210 3.870 
23 090 5,190 
27 840 6,260 - CYCLE 1 3  
4 800 1,080 
10 540 2,370 
16 640 3,740 
22 820 5,130 
28 690 6,450 
CYCLE #4  






Newtons I (Pounds) Newtons I (Pounds 
CYCLE #I CYCLE 11 
5 030 1,130 5 200 1,170 
10 590 2,380 10 680 2,400 
16 100 3.620 16 190 3 640 
22 060 41880 
$9;; I 21 710 I 25 660 5 93 5,830 
CYCLE #2 CYCLE #2 
4 710 
9 830 1 I li; 1 1 5  260 3.430 15 350 3,450 20 730 4.660 21 040 4.730 
24 860 I 5;590 11 25 130 I 5,650 
CYCLE #3 1 CYCLE $3 
4 310 970 4 140 930 
8 810 1,980 8 500 1,910 
14 010 3,150 13 1 7 0  2.960 
18 770 4,220 1 7  930 4,030 
22 680 5,100 21 570 4,850 
I I 
CYCLE 114 CYCLE W 
3 250 I l:i:: I :;: 1 ,760 
6 720 1,620 
10 720 2,410 11 480 2.580 
14 540 3,270 15 920 3.580 
17  750 3 990 19 390 4 360 
4 140 3 870 
Newtons I (Pounds1 
CYCLE #I I CYCLE 12 
 CYCLE 1 3  
CYCLE #4 
1 CYCLE 15  
7- CYCLE 16 
-T CYCLE 110 
1 CYCLE 111 
I CYCLE (15 
Uewtons I (Pounds) 
'IT' denote. i n a t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  in Transducer  Cantrols l c a d  c e l l .  
from Moseley A u t o g n f  Pecorder.  
T e n s i l e  elamp load  determined from X-Y curve 
W 3  S e r i e s  nuts to rqued  w i t h  12-point socket .  
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TABLE NO. I L 5 
RESULTS OF 15-CYCLB INSTALLATION TOR@l!3-TIJNSIW TESTS OF KS 21250 SERIES 
EXTERNAL WBgLICUING HEAD ALLOY STBEL BOLTS WITH NEW NUTS 
SUBSTITUTED AT 6TH CYCLBS 
TEST CWITION: TORWE FRCM NUI DBIm c u m  LMD: 24 020 newtons ( 5,400 Pounds) 
Bol t  P a r t  No.: MS 21250-04024 Nut P a r t  No. : H23-4 
Thread Size: 1/4-28 Nut M a t e r i a l :  AHS 6304 STEEL 
Bol t  M e t e r i e l :  8740 STEEL Nut F i n i s h :  DRY FIIM LUBE OVER CAIMIM PLATE 
Bol t  F i n i s h :  CADELIUH PLATE, Q9-P-416, TPPE 11, CLASS 3 Washer P a r t  NO.: MS 20002C4 6 MS 20002-4 
Bol t  S p e c i f i c a t i o n :  MIL-8-8831 
21:Ll 1 50 IT I 3 690 1 830 I 4 000 1 900 
11.30 100 IT  8 140 1,830 7 920 1,780 
16.95 150 I T  12 590 2.830 12 230 2,750 
22.60 200 I T  17 210 3.870 16 720 3,760 
220 I T  19 970 4,490 19 970 4,490 
CYCLE 1 3  CYCLE #3 
5.65 1 53 IT 42: 1 770 I 3 420 1 770 
11.30 100 I T  1,680 6 980 1.570 
16.95 150 IT  11 390 2,560 10 810 2,430 
22.60 200 I T  15 480 3,480 14 950 3,3b0 
24.86 220 I T  1 8  460 4,150 17  840 4,010 
CYCLE #& CYCLE U4 
11.30 5 651 100 5  I T  1~ 6 090 1,370 6 580 1,480 
16.95 150 IT 9 740 2,190 10 100 2,270 
22.60 200 IT  1 3  210 2.970 14 010 3,150 
24.86 220 IT 15 720 3,535 16  900 3,800 
CYCLE 15 CYCLE #5 
5.65 50 IT  2 540 570 2 800 630 
11.30 100 IT 5 430 1,220 5 740 1,290 
16.95 150 IT 8 720 1.960 8 850 1,990 
22.63 203 IT 11 920 2,680 1 2  280 2,760 
24.86 221lIT 14 810 3.330 14 810 3.330 11 CYCLE I 
22.60 22 510 
CYCLE 
22.60 10 760 
24.86 13 610 
CYCLE 
5.65 501T 2 090 
11.30 1 W I T  4 540 
11 CYCLE #6 
I1 I 
51915 11 24 460 I 5:500 
CYCLE 110 
CYCLE 111 
530 2 360 530 
1,110 // 5 120 1 1,150 
1,780 8 050 1,810 
2.420 10 990 2.470 
53;060 13 610 f 3;060 
CYCLE 115 
1,620 1,600 


































SPECIMEN NO. S-T886 SPECWN NO. S-T887 SPECIMEN NOS-T888 *
4;570 I 19 930 4 480 20 460 4,600 
5 370 22 680 I 5i100 1 24 200 I 5.440 
(Pounds) I Newtons I (Pounds) Newtons t (Poundal 
I CYCLE 11 1 CYCLE 11 
I n I 
1 CYCLE #2 1 CYCLE 12 
3 870 810 4 140 930 
7 920 1 ;a0 8 500 1.910 
3;110 12 370 2 . ~ 8 0  1 1 2  900 I 2.900 
3.675 15 120 3.400 16 010 3.60') 
CYCLE #6 ! CYCLE 16 CYCLE 16 
I I 1 
z;: I 600 I 2 360 1 530 1 2 360 I 530 1,26  5 160 1,160 5 200 1.170 
8 760 1,970 7 960 1,190 8 180 1.840 
11 970 2.690 10 760 2.420 11 430 2.570 
14 810 I 3;330 1 14 2301 3,2W 1 13 920 I 3,130 
CYCLE A 5  w CYCLE 115 n CYCLE 115 
T * I T *  denotes  i n s t a l l a t i o n  torque. 
21 Bolt-nut assembly t e s t e d  in  Transducer  Cont ro ls  l m d  cell. 
f r a n M o s e l e y  b u t o g r a f  Recorder. 
T e n s i l e  clamp load  determined from X-P curve 
H23 Series n a t a  torqued  w i t h  12-point socket .  
Y 
2 360 530 2 000 450 2 090 470 
4 850 1.090 4 360 980 4 450 1,000 
7 920 1,780 6 980 1,570 7 210 1,620 
10 720 2,410 9 740 2,190 9 960 2,240 
13 300 2,990 12  680 2,850 ~ 12 410 2,790 
21 5 
TABLE NO. I L 6 
BBSDLTS OF 15-cycLB INSTALLATION TGUOUE-TENSION TESTS OF US 21250 SERIES 
mmAL WRENCHING BEAD AL&Oi STEEL BOLTS WITH NEW NUTS 
SUBSTITUTED AT 11TH CYCLE 
DBSIm cl.4np W D :  24 020 newtons ( 5,400 Pounds) TEST CONDITION: TORQUE PBM 
Bol t  P a r t  No.: US 21250-04024 Nut P a r t  No. : H23-4 
Thread Size: 1/4-28 u ~ m - 3 ~  Nut M a t e r i a l :  Al4S 6304 STEEL 
Bolt M u t e r i a l :  8740 STEEL Nut Finish: DRY FILM LUBE OVER CADMIUn PLATE 
Bol t  F i n i s h :  CAIMIDn PLATE, gq-P-416, TYPE 11, CLASS 3 
Bol t  S p e c i f i c a t i o n .  n1~-~-8831 Hole Size: 6.452 on ( 0.254 in.) 
Waeher P a r t  No.: MS 20002C4 6 MS 20002-4 
5.65 50 IT 
11.30 100 I T  
16.95 150 I T  
22.60 200 I T  
24.86 220 I T  
5.65 50 I T  
11.30 100 IT  
16.95 150 IT 
22.60 200 IT  
24.86 220 I T  
5.65 50 IT 
11.30 100 I T  
16.95 150 I T  
22.60 200 I T  
24.86 220 IT 
150 IT 
I I 
SPECIMW NO.S-T889 SPECIMEN NO.S-TS90 SPECMN NO. S-T891 SPECIMEN NO. S-T892 SPECIMEN NO. S-T893 
INDUCED CLAELP LOAD 
2 800 630 2 980 670 2:: I 1,; 6 320 1.420 6 360 1,430 
8 850 1,990 9 960 2,240 10 230 2,300 
12 370 2,780 13 570 3.050 13 920 3,130 
15 120 3,400 16 010 3.600 16 900 3.800 
2 360 I 530 I 2 540 I 570 1 2 670 I 600 
4 850 1,090 5 380 1,210 5 600 1,260 
7 700 1.730 8 670 1.950 9 070 2.040 
10 720 2;410 11 920 2;680 12 320 2;770 
1 3  300 I 2!990 14 500 I 3,260 1 5  120 I 3,400 
CYaE 111 CYCLE 111 CYCLE #ll 
4 310 970 4 140 930 1 4 310 970 
n " 
CYCLE 115 11 CYCLE 115 n CYCLE #IS 
3 250 
9 250 
Newtons I (Pounda; 
CYCLE ill  
4 580 1,030 
9 070 1 2,040 
14 060 3.160 
18 770 I ::+:: 
22 370 
CYCLE 12 






2 540 570 
5 250 I 1,180 











Yewtons I (Pounds) 
CYCLE #I 
 
4 450 1.000 
13 480 3,030 
18 420 4.100 
8 980 1 2.020 




CYCLE I 5  
CYCLE 16 
1 5  720 
I
CYCLE 110 
2 360 530 
8 180 1.840 
5 120 I 1,150 
CYCLE 115 
~ 
'IT' denotes  i n s t a l l a t i o n  torqu?. 
Bolt-nut assembly t e a t e d  in l 'rsnaducer Control. load  c e l l .  
frcm Momley A u t o g n f  Becorder.  
T e n s i l e  claw load  determined frcm X-Y E w e  
823 Series nuts torqued  w i t h  12-point nocket. 
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TABLE NO. I L 7 
UESULTS OF 15-cycLB IESTALLIITION TORQUE-TENSIOLI TESTS OW MS 21250 SERIES 
EXTERNAL UBBNCHING 8&u) ALLOY STBEL BOLTS VITU NEW m S  
SUBSTITUI'BD AT 6TU CYCLE 
TEST -ITION: TORQUE FR(W NlJl DESIGN cLIIl(p m D :  24 020 Newton8 ( 5 , 4 0 0  Pounds) 
Bolt  Par t  No.: EIS 21250-04012 Nut Par t  lo.: ALLEN AEP.UWI 
Thread Size: 1 /4 -28  --% N u t  Materiel: STBBL 
Bolt Mater ia l :  8740 S ~ E L  Nut Pintah: DRY P m  LUBE OVER CbCHIM PLATE 
Bolt  F in ish :  CAIMIlBl PLATE, W-P-416, TYPE 11, CLASS 3 
Bolt Specification: n1~4-8831 Hole Size: 6.452 wm (0.254 in . )  
Washer Part  No. : HS 2OWZC4 6 Ms 20002-4 
11 CYCLE #3 11 CYCLE C3 1 CYCLE 13 
I I II I I I 
~ ~~ 
nmw 
T * ' I T '  denotes i n 8 t a l l r t i m  torque. 
9 Bolt-nut assembly t e s t e d  in Transducer Controls load c e l l .  
frmnoseley Autograf Recorder. Al len  Aeronut8 torqued wi th  special Allen Spl ine  socket. 
Tens i le  clamp load determined from X-Y curve 
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TABLE NO. I L 8 
TEST CONDITION: TmQW FBM m DESIGN C L M P  L M D :  24 020 Newton8 (5 ,400  bounds) 
Bolt Par t  No. : MS 21250-01012 Nut Par t  No.: ALLW AWCNW 
Thread Size: 1\4-28 w - u  Nut Mater ia l :  STEEL 
Bolt Mater ia l :  8740 STEEL Nut F in ish :  CAlMIIIpI U T E ,  TYPE 11, CLASS 3, QQ-P-416 
Bolt  Finish: CA~MIII~I PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt  Spec i f ica t ion :  MIL-B-8831 Hole Size: 6.452 mm (0 .254  in.) 
Useher Part  No. : US 20002C4 h MS 20002-4 
E 
11 






SPECIMEN NO.S-T896 SPECMQ 
1 
SPECMEN NO. O.S-T897 SPECIMEN NO. 










Nevtons I (Pound Nevtons I (Pounds) 
CYCLE #1 I CYCLE 1 2  
I 
CYCLE #I I CYCLE #2 
1 CYCLE 1 3  
13 390 3,010 1 0  940 






























































1 720 7 6 5 0 ,  
9 340 I 2:lOO 
!y;&lE CYCLE $& CYCLE 114 
i CYCLE 15 
CYCLE #4 
! CYCLE #5 340 730 1,560 1,875 1,100 .__ i 
i 
1 510 1 560 350 
3 250 2 890 650 
4 890 4 760 1,070 
6 940 6 630 1,490 
8 340 8 340 1,875 
CYCLE $5 CYCLE #5 CYCLE #5 
1 510 340 1 330 300 
3 250 730 2 710 610 
$ 890 1,100 4 310 970 
6 940 1,560 6 000 1,350 
8 340 1,875 8 010 1,800 
CYCLE 16 CYCLE #6 CYCLE 16 






















  I CYCLE #6 
-T CYCLE #lo 
CYCLE (16 
1 CYCLE #lo 
I CYCLE #11 
-7- CYCLE 115 
I 6 410 1;440 5 430 1,220 8 010 I 1,800 11 7 340 I 1,650 11 
CYCLE $10 n 11 CYCLE # l o  
CYCLE #11 
CLE $15 r 50 IT l 0 0 I T  150 IT 200 I T  220IT 4 400 990 4 710 1,060 6 LBO I 1,370 /I 6 410 1 1,440 1 7 670 1,725 8 340 1,875 . \  
'IT' denotes i n s t a l l a t i o n  torque. 
Bolt-nut aasnably tea ted  in Transducer Controls load c e l l .  
frm Moseley Autognf  Recorder. Al len  Aeronuts torqued wi th  epec ia l  Al len  Spl ine  socket. 
Tenaile c l m p  load determined from X-Y curve 
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TABLE NO. I L 9 
RESULTS OF 15-CYCLE INSTALLATION TOBQDE-TENSION TESTS OF E(s 21250 SKRlBS 
BXT- WRENCHING HE19 ALLOY STEEL BOLTS WITH N E W  N W 3  
SIIBXIl'UIED A" 6TH CYCLE 
TEST COLIDITION: TORQUE FRm Nul , DESIGN Mw LMD: 56 710 Newton# ( 12,750 Pounds) 
Bolt Par t  No.: ns 21250-06030 
Thread Size: 3/8-24 m-3~ Nut N a t e r i s l :  A E ~ S  63W STEEL 
Bolt Mater ie l :  8740 STBL Nut Finish: CADMIEM PLATE, QQ-P-416, TfPE 11, CLASS 3 
Bolt Finish: CADMIEM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Nut Par t  No. : 820-6 
















































150 IT 10 760 2,420 
300 IT /I 22 420 I 5,040 
450 I T  34 650 7.790 
150 IT 
300 IT I/ :% E 1 i:: 
450 IT 25 890 3.930 
600 I T  7,830 
675 I T  40 740 9.160 
150 IT 
300 IT 
450 I T  
600 IT 
675 Il' - 7,350 
150 n 
150 IT 1 6 230 1 :40: 300 IT 14 590 3,280 450 IT 22 51  
600 I T  30 740 6,910 
675 IT 35 670 8,020 
Newtons I (Pounds) 
-=?---- 
I O  680 2,4W 
22 910 5,150 
34 070 7,660 
46 170 10,380 
52 890 11,890 
CYCLE #2 
CYCLE 13 v 
CYCLE #4 I 
CYCLE #5 
7 340 1 1:; 
1 5  350 3,450 
24 110 5,420 
32 600 7,330 
38 830 
CYCLE 16 I 
10 500 2,360 
21 970 4.940 I 7 7  32 830 44 610 10,030 51 420 11 560 
C Y a  #lo -
6,410 
Hole Size: 9.627 mm ( 0.379 in.) 
SPECIHEN N0.S-T890 SPECIMEN M).S-T891 SPECIMEN NO.S-T892 
AW LOAD 







7 070 1 1:::
16 370 3,680 
26 290 5,910 




6 890 1 1:;: 
15 030 3,380 
23 490 5.280 





11 920 2,680 
5,620 
33 540 7,540 
38 790 8,720 
22 460 5,050 
30 560 6,870 I 81180 36 360 
Newton. I (Pounds 









11 120 2,500 
22 370 5,030 
35 180 7,910 
46 920 10,520 
53 460 12.020 
CYCLE 110 
17  080 3,840 
25 040 5,810 
34 960 7,860 














Newtons I (Pounds) 
CYCLE #I 
 
CYCLE #2 - 2; 1 1,990 
4,010 
27 490 6,180 
36 870 8,290 




15 430 3,470 
23 840 5,360 
32 290 7,260 
CYCLE #6 
 
10 900 2,450 
22 730 5.110 
34 610 1 7,780 
45 900 10,320 




6 140 1 :::31 
14 100 3,170 
22 020 4,950 
30 160 6,780 
35 503 
'IT' denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  i n  Transducer Controls lcad c e l l .  
Ind ica tor .  
Tensile elamp lcad determined from RBI S t r a i n  
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TABLE NO. I L 10 
UESULTS OF 15-CYCLE INSIALLATION TC@.QUB-TENSION TESTS OF 21250 SERIES 
BXTEWAL WRENCHING Hpu) ALLOY STEEL BOLTS WITH NBW NUIS 
SUBSTITWED AT 11TH CYCLE 
TEST CONDITION: TC@.QUE f ~ m m  DBSIDz1 CuLlp L M D :  56 710 Newtons ( 12,750 Pound8) 
Bolt Pert Io.: m 21250-06030 
Bolt nnterial: 8740 
Bolt Finish: CISNIW PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Specification: m - ~ - 8 8 3 1  
Thread Size: 3/8-24 W J P - ~  
Nut Pert No.: HZO-6 
Nut Waterial: lrMS 6304 STEEL 
Nut Finish: 
Washer Part No. : US 20002C6 6 US 20002-6 
Hole Sire: 9.627 m ( 0.379 in.) 
CAMIUH PLATE, QQ-P-416, TYPE 11, CLASS 3 
67.79 600 IT 44 660 10;040 44 390 9;980 
76.26 675 IT 51 860 1 11,660 1 51 060 I 11,480 
- CYCLE 12 1 CYCLE #2 
16.95 150 I T  
:i:Xz 1 300 IT 1 1," ::: 1 $::% 450 IT 28 160 
67.79 600 IT 37 900 8,520 
76.26 675 IT 43 900 9.870 
33.90 16 5 I 150 30 IT lm 16 410 3,690 17 390 3,910 
50.84 450 IT 24 860 5,590 25 580 5,750 
67.79 600 IT 33 670 7.570 34 520 
76.26 675 IT 39 770 8,940 40 880 9,190 
CYCLE #4 CYCLE 14 1 150 IT 1 6 760 1,520 I 1: 2: lf6: 
450 IT 22 770 5,120 24 020 5,400 
600 IT 31 490 7,080 32 430 7,290 
76.26 675 IT 36 780 8,270 38 390 8,630 
33.90 300 IT 15 030 3,380 
CYCLE C5 CYCLE 15 1 1,480 16.95 I 150 IT 1 6 580 I 6 810 1 ::! 33.90 300 IT 14 280 3,210 14 590 3,280 50.84 450 IT 21 880 4,920 22 640 67.79 600 I T  29 530 6,640 30 910 6,950 76.26 675 IT 35 270 7,930 37 90









I T   
IT 
I T  
IT -
16.95 150 IT 6 580 1,480 6 720 1,510 
33.90 300 IT 14 860 3,340 14 500 3,260 
50.84 450 IT 22 860 5,140 23 000 5,170 
67.79 600 IT 30 780 6,920 31 O W  6,970 
76.26 675 IT 37 720 8.480 31 190 8,360 
SPECMEN NO. S-T896 SPECIMEN NO. S-T897 
KP L M D  
I 36 300 ! 38 120 ! 8;570 
44 170 9,930 43 770 
CYCLE #3 CYCLE 13 
7 830 I 1.760 I 7 520 I 1.690 1 , 60 !
16 150 3,630 16 640 3,740 
24 330 5,470 25 440 5,720 
32 830 7,380 33 940 7,630 
39 190 8,810 41 320 9,290 
CYCLE #4 CYCLE 14 
I 1 ; 1 ;
~ 
I 
I n I 
22 910 
37 540 I 8;440 1 40 120 I 9,020 
CYCLE #5 CYCLE #5 I 6 360 6 670 1 1:500 1:30 
14 100 3,170 14 140 3,180 
21 530 4,840 22 150 4,980 
29 490 6,630 30 510 6,860 
36 340 8 170 38 390 8 630 
CYCLE #6 CYCLE #6 
I 6 270 I iiffi 6 320 I 1,420 13 740 3,090 13 260 21 440 4,820 20 770 4,670 29 270 6,580 28 820 6,480 36 340 8,170 3 70
6 180 1 :::31 1 6 810 1 1::: 
13 660 3,070 15 210 3,420 
21 170 4,760 23 620 5,310 
28 600 6,430 31 980 7,190 
35 410 38 430 
11 250 2,530 
23 040 I 5 .180  1 7:860 3; 960 
46 930 10,550 
54 490 12,250 
CYCLE #2 
I 
CYCLE #3 I 
7 160 I 1.610 
CYCLE 14 
I 
40 790 I 9;170 
CYCLE #5 
23 040 1 ~ ~ l 8 ~  
32 110 7,220 
40 030 
CYCLE X6 
37 410 1 8.410 
CYCLE #lo 
CYCLE #ll 
9 870 2,220 
20 990 4,720 
32 200 1 7,240 
42 920 9,650 
53 420 12.010 
CI&E C15 
14 810 3,330 




'IT' danotee installation torque. 
Bolt-nut assembly tested i n  Transducer Controls lcud cell. 
Xndicat or. 
Tensile clamp load determined from SIII  Strain 
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TEST COUD~ION: TOggUg F R a W  m 
Bolt Part No.: 148 21250-06030 
Thread Size: 3/8-24 mm-u 
Bolt Unterial: 8740 STEBL 
Bolt Finish: CADNILPI PLATE, 92-P-416, T W B  11, CLASS 3 
Bolt Specification: 1+11-B-8831 
16.95 150 IT 
33.90 300 IT 
50.84 450 IT 
16.95 150 IT 
33.90 300 IT 
50.84 459 IT 
67.79 600 IT 
81.91 725 IT 
16.95 150 IT 
33.90 300 IT 
50.84 450 IT 
67.79 600 IT t81.91 725 IT 
INDUCED 
7 210 :::61 I 7 030 1,580 15 610 3.510 14 810 3,330 23 930 5,380 22 6 W  5,080 33 00 30 910 6,950 41 540 9,340 39 900 8,970 CYCLE 14 CYCLE #4 
CYCLE 1s CYCLE 15 
I I 
6 090 1 1:370 I 6 140 1 :3, 13 610 3,060 13 210 2,970 20 990 4,720 20 680 4,650 29 310 6,590 28 330 6,370 37 050 8 330 3 7
CYCLE 16 11 CYCLE #6 
I II I 
27 930 
32 510 I 7;310 1 33 800 I 7;600 
CYCLE 115 n CYCLE 115 
I I1 1 
DBSIW CLAW LiUD: 56 710 Neutms ( 12,750 Pounds) 
Ihrt Part NO. : H2w6 
Nut Haterial: AMs 6304 STEEL 
Nut Finish: 
Washer Part NO.: MS 2000ZC6 h MS 20002-6 
Hole Size: 9.627 mn ( 0.379 in.) 
CADXIUM PWLTE, 9Q-P-416, TYPE 11, CLASS 3 
SPECIMEN NO. 
MP LOAD 
Newtons I (Pounds 
CYCLE 11  
CYCLE #3 I 
1.600 
15 430 3.470 
2: 1 5,350 
32 160 7,230 
40 970 9.210 
CYCLE #4 
 





46 130 I 10;370 
CYCLE #10 
CYm 111 
35 050 I 7;880 
I
CYCLE 115 
V'IT' denotes installation torque. 
51 Bolt-nut assembly tested in Transducer Controls load cell. Tensile el- l c u d  determined from UBI Strain 
Indicator. 
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TABLE NO. I L 12 
RESULTS @ 15-CYCLE I N S T W I O N  TORQUE-TENSION TESTS OF PIS 21250 SERIES 
mBIwLL WENCHING HEAD ALLOY STEKL BOLTS WITH NEW N W S  
SOBSTITWED AT 11TH CYCLE 
TEST W I T I O N :  TOP.QW FRCW Wl! 
Bolt Par t  No. : PIS 21250-06030 
Thread Size: 3/8-24 ~ n - u  
Bolt Mater ia l :  8740 STBgL 
D B S M  CIAUP LOAD: 56 710 Uevtons ( 12,750 Pounds) 
Nut Par t  NO. : HZOX6 
Nut m t e r i a l :  AMs 6304 STEa 
Nut Finish: CIID?LI(M M E ,  QQ-P-416, TYPE 11, CLASS 3 
Bolt F in ish :  CAmlIrn W E ,  QQ-P-416, TYPE 11, CLASS 3 Washer P a r t  No.: PIS 20002C6 6 MS 20002-6 






























































































725 IT - 
SPECIMEN NO. S-T901 SPECIMEN NO. S-T9@ 
INDUCED 
Newtons 1 (Pounds -
-=?- 
. .  
CYCLE #3 
 
33 940 7;630 
43 770 1 9,840 
CYCLE #4 
14 590 3,280 
22 420 
30 340 6,820 
39 850 8,960 
CYCLE 1 5  
13 660 3,070 
21 220 4,770 




8 .  
CYCLE 111 
9 030 I 
C Y U B  $15 
18 680 
28 420 6,390 
48 750 10,960 
38 210 8,590 
 
1 0  500 2,360 
21 710 4,880 
32 510 7,310 
as0 P18 19:E8 
CYCLE I 2  
I 
34 340 7;720 
44 210 I 9.940 
CYCLE 83 
CYCLE #4 
32 110 7;220 
41 810 I 9,400 
CYCLE #5 
CYCLB W I 
CPCLB 110 
I .  
CYCLE 111 
17 660 3,970 
27 270 6,130 
36 960 8,310 
46 630 9  I 10.550 l I g 4 O
I .  
CYCLE #lS 
6 720 1 1: 
13 660 3,070 
21 530 4,840 
28 820 6,480 
37 850 
~~i~ sire: 9.627 s ( 0.379 in.) 
SPECIMEN NO. 
AW LOAD 
CYCLE #l I 
CYCLE 83 
CYCLE 114 
CYCLE 86 I 




11 700 2,630 
1: 1 4,070 
24 380 5.480 
32 650 7.340 
I -  
CYUE $11 
CYCLE #15 
6 810 I 1.530 




CYCLE 111 I 
CYCLE #15 




1 CYCL 85  
1 CYCLE #6 
I
CYCLE 810 1- 
I 
CYCLE #15 
'IT' denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  i n  Transducer Controls load c e l l .  
Ind ica tor .  
Tens i le  cbmp load determfned frra BBI S t r a i n  
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TABLE NO. I L 13 
p3SULTS C@ 15-CYCLE INSTALIATIOLI TCRQUE-TBNSION TESTS OF MS 21250 SERIES 
WT- WRENCHING BB11l) ALLOY STEEL BOLTS WITH NEW m S  
SUBSTIT6Tm AT 6RI CYCLE 
TEST CWDITION: TcmQUE PPM m DESIGN CLULP LMD: 102 300 Newtons ( 23,000 Pounds) 
Thread Size: 1/2-20 U)LI~-U 
Bolt Part No.: MS 21250-08024 Nut Part NO.: HZO-8 
Nut Material: AMS 6304 STEEL 
Bolt Material: 8740 STEEL Nut Finish: DRY FILM LUBE OVER CADMIM PLATE 
Bolt Finish: cADlllLU4 m T E ,  QQ-P-416, TYPE 11, CLASS 3 
Bolt Specification: ~ 1 ~ 4 - 8 8 3 1  Hole Size: 12.827 mm ( 0.505 i n . )  
Washer Part NO.: KS 20002C8 L Ms 20002-8 
40.61 360 IT 11 ;: ;:: 1 i;OE 
81.35 720 IT 
135.58 1200 IT 61 470 13,820 
176.2 1560 IT 80 330 18.060 
216.931 1920 ii 11 in;y;E 23;i70 
40.67 360 IT 12 900 2,900 
81.35 720 T T  26 070 5.860 
135.58 1200 ii 
176.261 1560 IT 11 :ii I :!:k 216.93 1920 IT 17.240
1 CYCLE $3 I I 
12.040 
I 216.931 1920 ;r 11 70 990 I 151960 
135.5 











56 270 12,650 
73 260 16,470 
96 170 21,620 
CYCLE 110 
CYUE 111 
25 580 5,750 
IT 58 090 13,060 
IT 79 040 17,770 
IT 44 040 9,900 
C I a E  #15 
176 2 1560 IT 50 440 11;340 I 216:9! 1920 IT 11 68 720 I 15.450 
69 520 I 15.630 1 64 990 I 1416101 69 210 1 151560 f 76 150 1 171120 
10 100 I 2,270 1 10 450 I 2,3501 11 740 I 2 a01 10 990 I 2 470 
21 660 4 uin 23 i m  5 ?on 2h 661 
8 540 1,920 8 100 1,820 10 360 2,330 9 610 2,160 
20 060 4,510 19 530 4,390 22 770 5,120 21 970 4,940 
34 250 7,700 35 230 7.920 39 050 8,780 38 070 8,560 
46 130 10,370 46 480 10,450 51 910 11,670 50 930 11,450 
64 180 14,430 64 010 14.390- 70 990 15,960L 71 480 16,070 
v ' I T *  denotes installation torque. 
p Bolt-nut assembly tested in TranBducer Controls laad cell. 
Indicator. 
Tensile clamp load determined f r w  BBI StrOfD 
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TABLE NO. I L 14  
RESULTS OF 15-CYCLE INSTALLATION TGXQDE-TENSION TESTS OF MS 21250 SERIES 
KXTBRNAL WRENCHING HEAD ALLOY STEEL BOLTS WITH NEW N W S  
SUBSTITUiTD AT 11TH CYCLE 
TEST CONDITION: T ~ Q U E  FROM 
Bolt Par t  No. : MS 21250-08024 
Thread Size: 1/2-20 mJp-3A 
Bolt  Material: 8740 STEEL 
Finish: CADMIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt  Spec i f ica t ion :  MIL-~-8831 
SPECIMEN NO.S-T909 SPECIMEN NO.S-T91C 
Nm ( i n - l b f )  Newtons I (Pounds) I Newtons I (Poundal 
TORQ.LlE . 
y INDUCED 
CYCLE #I 11 CYCLE I1 
I I 
40.67 1 360 IT ~ 16 370 3,680 I 16 770 1 
81.35 720 IT 34 120 7,670 34 780 ::;7: 
135.58 1200 I T  57 690 12,970 58 400 13,130 
176.26 1560 I T  76 150 17,123 77 130 17,340 
216.93 1920 I T  98 700 22,190 102 480 23,040 
CYCLE 12  CYCLE #2 
40.67 3601T 13 080 2,940 8 580 1,930 
81.35 7201T 26 290 5,910 19 660 4,420 
135.58 1200IT 44 790 10,070 37 450 8,420 
176.26 15601T 55 730 12,530 46 970 10,560 
216.93 19201T 72 640 16,330 65 070 14,630 
CYCLE #3 CYCLE 1 3  
I 
40.67 3601T 11 250 2,530 7 960 1,790 
81.35 7201T 23 660 5.320 18 500 4,160 
135.58 1200IT 40 880 9,190 33 090 7,440 
176.26 15601T 53 600 12,050 44 260 9,950 
216.93 1920IT 70 720 15,900 62 720 14,100 
11 CYCLE #4 11 CYCLE 14  I 11 10 410 40.671 360IT I 6 720 2,340 1,510 
81.35 7201T 22 110 4,970 16 640 3,740 
135.58 1200IT 37 670 8,470 29 620 6.660 
176.26 1560IT 49 640 11,160 41 010 9,220 
216.93 19201T 67 120 15,090 57 910 13,020 
CYCLE #5 CYCLE #5 1 2,180 40.671 3 6 0 I T  9 700 1 6 090 1 1:370 
81.35 7201T 21 570 4,850 15  350 3,450 
135.58 I Z O O I T  37 360 8,400 27 890 6,270 
176.26 15601T 50 170 11,280 37 230 8,370 
216.93 1920IT 67 740 15,230 53 060 11 930 
CYCLE 16 CYCLE (16 
40.671 81 35 360IT 72 1lm20 820 4,680 15  350 3,450 
135.58 12OOIT 37 450 8,420 27 800 6,250 
176.26 15601T 49 110 11,040 37 410 8,410 
216.93 1920IT 65 740 14,780 56 670 12,740 
CYUE 110 CYCLE # l o  
1 10 760 1 :::4: I k: ;:: 1 ::;7: 12 410 2,790 10  270 2,310" 11 740 2,640 24 24  26 730 6,010 23 930 5,380 25 840 5,810 
135.58 1200IT 43 410 9,760 44 880 10,090 46 350 10,420 42 210 9,490 44 570 10,020 
176.26 15601T 58 450 13,140 59 430 13,360 61 160 13,750 55 240 12,420 58 580 13,170 
216.93 1920IT 74 820 16,820 77 170 17,350 80 240 18,040, 74 420 16.730" 79 570 17.890 
NOTES: 7 ' IT '  denotes i n s t a l l a t i o n  torque. 
51 Bolt-nut assembly t e s t e d  i n  Transducer Controls load c e l l .  
Ind ica tor .  
Tens i le  clamp load d e t e w i n e d  f r m  RBI S t r a i n  
DESIGN CLAMP LMD: 102 300 Newtons ( 23,000 Pounds) 
Nut Par t  NO.: H20-8 
Nut Mater ia l :  AMS 6304 STEEL 
Nut F i n i s h :  
Washer Par t  No. : MS 20002C8 h MS 20002-8 
Hole Size: 13.081 mn ( 0.515 in.) 
DRY FILM LUBE OVER CADMIUM PLATE 
CYCLE #2 I CYCLE #2 11 CYCLE #Z I 
9 250 2,080 10 140 2,280 8 810 1,980 
21 800 4,900 21 480 4,830 20 550 4,620 
40 210 9,040 37 410 8,410 35 720 8,030 
53 150 11,950 49 680 11,170 46 440 10,440 
68 630 15,430 67 160 15,100 65 790 14,790 
CYCLE 65 . CYCLE 15  CYCLE #5 
I I 
8 360 1 9 160 1 2:0601 1:8801 8 8:O 
1:;80 
21 750 4,890 19 700 4,430 20 550 4,620 
40 210 9,040 35 010 7,870 35 810 8,050 
53 110 11.940 46 530 10,460 46 480 10.450 
68 990 15  510 64 010 14 390 66 6 0 14 80 
CYCLE #6 CYCLE #6 CYCLE #6 
1,960 
34 520 
CYCLE # lo  CYCLE #10 CYCLE 110 
19 970 4,490 19 350 4,350 18 730 4,210 
35 050 7,880 34 470 7,750 32 870 7,390 
45 900 10,320 44 790 10,070 43 810 8,850 
63 030 14,170 59 830 13,450 68 030 14.170 
CYCLE #11 CYCLE 111 CYCLE #11 
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TABLE NO. I L 15 
RESULTS OF 15-CYCLE INSTALLATION TORQLIE-TENSION TESTS OF MS 21250 SERIES 
EXTERNAL WBeWcRING HEAD ALLOY STEEL BOLTS WITH NEW NUTS 
SUBSTITUTED AT 6TH CYCLE 
TEST CONDITION: TORQUE FRM NUT DESIGN CLAne LWD: 102 300 Newton. ( 23.000 Pounds) 
Bolt  Par t  No. : MS 21250-08024 Nut Part  No. : H20X8 
Thread Size: 1/2-20 m m - 3 ~  Nut Mater ia l :  AUS 6304 STEEL 
Bolt  Mater ia l :  8740 STEC-L Nut Finish: CADMIUM PLATE, TYPE 11, CLASS 3, QQ-P-416 
B o l t  Pinish:CADmUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion :  MIL-B-8831 Hole Size: 12.827 m ( 0.505 in.) 
Washer Par t  No.: MS 20002C8 6 MS 20002-8 
TOROUE 
L/ 
Nm ( i n - l b f )  
40.67 360 I T  
81.35 720 IT 
135.58 1200 IT 
176.26 1560 IT 
257.61 2280 IT 
40.67 360 I T  
81.35 720 IT 
135.58 1200 IT 
176.26 1560 I T  
257.61 2280 IT 
40.67 360 I T  
81.35 720 I T  
135.58 1200 I T  
176.26 1560 I T  
257.61 2280 IT 
I 
40.67 360 I T  
81.35 720 IT 
135.58 1200 IT 
176.26 1560 I T  
257.61 2280 IT 
40.67 360 IT 
81.35 720 IT 
135.58 1200 IT 
176.26 1560 IT 
257.61 2280 IT 
40.67 3601T 
81.35 7201T 
135.58 1200 IT 
176.26 1560 IT 
257.61 2280 IT 
I ‘+:+:<I 360IT 720 
135.58 1200 IT 
1 81i351 Y20IT 
135.58 1200 IT 
176.26 15601T 
257.61 2280 IT 
360 IT 
SPECIMEN NO.S-T91411 SPECMEN NO.S-T915 SPECIMEN N0.S-T916 SPECIMEN NO. SPECIMEN NO. 
INDUCED CLAMP LOAD 
CYCLE #5 [I CYCLE 
I I1 I 1:IM 5 250 I 6 410 
12 680 2,850 15 260 
26 070 5,860 27 490 
35 810 8,050 37 230 
61 920 13 920 64 580 
11 CYCLE #5 
1.440 6 140 1 3RO I -,--- 
3;430 15 790 3,550 
6,180 28 820 6.480 
8,370 39 100 8,790 
14.520 67 080 15,080 
CYCLE M 11 CYCLE X6 11 CYCLE #6 I CYCLE M 1 CYCLE #6 
I II I I n I I 
108 660 I 24,43( 
CYCLE #lo 




~ 7 110 1,600 I 7 520 1 1,6901 
19 220 4,320 19 300 4,340 
36 780 8,270 35 850 8,060 
49 330 11,090 35 850 10,580 
84 780 19,060 80 640 18,130 
CYCLE #11 CYCLE #11 CYCLE #11 
5 960 1 1,340 6 140 1,380 
17 840 4,010 17 660 3,970 
34 250 7,700 33 050 7,430 
47 060 10,580 44 880 10,090 
80 640 18,130 78 110 17,560 
CYCLE #15 CYCLE X15 CYCLE #15 
I I 
5 780 1,300 5 650 1,270 
16 410 3,690 1 5  830 3,560 
29 270 6,580 31 310 7,040 
41 060 9,230 31 310 9,380 
64 670 14,540 72 150 16.220 
CYCLE #ll 
-7- CYCLE #15 
y n I T r  denotes i n s t a l l a t i o n  torque. 
- 2f Bolt-nut assembly t e s t e d  i n  Transducer Control8 load c e l l .  
Indicator. 
Tens i le  clamp load determined f r o p  RBI S t r a i n  
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TABLE NO. I L 16 
TEST CORDITIQI: TCRQUE FROH N W  DBSIa CLAMP L W :  102 300 M o n s  ( 2 3 . m  Pounds) 
Bolt Part No.: HS 21250-WO.24 tbt Part No.: H20X8 
Thread Size: 1/2-20 wn-u 
Bolt Material: 8740 ~ B B L  Nut Finish: CADIUW PLATE, TYPE 11, CLASS 3, 99-P-416 
Bolt Finish: CMMIW PLATE, 9Q-P-416, TYPE 11, CLASS 3 
Bolt Speci f ica t ion :  xu-~-8831 Hole Size: 12.827 1111 ( 0.505 in.) 
Nut W.terie.1: 44.9 6394 STEEL 





















40.67 I 360 IT 
81i351 720 IT 
135.58 12001T 
176.26 1560 IT 
257.61 2280 IT 
40.67 360 IT 
81.35 7201" 
135.58 1200 IT 










360 I T  
720 IT 
1200 IT _. 
1560IT 
2280 IT 
SPEC- NO. S-T917 SPECIMEN NO.S-T918 SPECIMEN NO. 
Newtons I (Pounds' 
CYaE 12  
CYCLE #4 
 
CYCLE 1 5   
CYCLE 16 - lz E 1 1.390 
3,620 
28 960 6,510 
37 720 8,480 





INDUCED CLAMP LWD 
T I I T *  denotes installation torque. a Bolt-nut assembly tested in Transducer Controls 1Md cell. 
Indicator. 
Tensile elamp l M d  determined frol EBI Strain 
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TABLE NO. I 17 
UKSaTS OF 15-CYCLB INSTALIATION TCRQUE-TENSION TBSTS OF I4S 21250 SERIES 
EXTERNAL W I N G  UEAD ALLOY STEEL BOLTS WITU NEW NUI'S 
SUBSTITDl'ZIJ AT 6TH CYCLE 
0 
TEST COPDITION: TORQUE FRCW WT 
Bolt Part No.: IS 21250-08048 
Thread Size: 1/2-20 u~~p-u 
Bolt Haterial: 8740 S T E ~  
Bolt Finish: CMlMIlM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Specification: m-n-8831 
135.58 1200 ;; 
176.26 1560 IT 
216.93 I 1920 IT 
40.67 3 6 0 1 ~  
81.35 7 2 0 1 ~  
135.58 1200 IT 
176.26 1560 IT J 216.93 1920 IT 
40.67 3601T 
81.35 720IT 
135.58 I 1200 I T  
40.67 360 IT 
135.58 1200 IT 
81.35 720 IT 
176.26 1560 IT 
216.93 1920 IT 
40.67 360 IT 
81.35 720 I T  
135.58 1200 I T  
176.26 1560 I T  
216,93 1920 I T  
40.67 360 I T  
81.35 720 IT 
135.58 1200 I T  
176.26 1560 IT 
116.93 I1920 ZT 
EPECINEN NO.S-T920 SPECINEN NO.S-T92 
INDUCED 
CYCLE #1 
13 970 3.140 
27 090 6.090 1 11.790 :: zl 69 480 15.620 22.400 
CYCLE :6 
15 210 3.420 
32 290 7.260 
53 200 I 11.960 
69 080 15;530 
88 380 I 19.870 
CYUE #lo 
 
12 050 2,710 
25 930 5.830 
$4 570 10.020 
59 470 13,370 




9 470 I :: 
PI 130 4.750 
38 250 
50 930 11,450 
71 920 16.170 
16 140 3.690 
35 180 7,910 
59 250 13.320 
77 570 17.440 
99 370 22.340 
CYCLE 1 2  
13 260 2,980 
28 020 6.300 
62 580 14,070 
80 460 18,090 
.- - 
53 240 11.970 
68 540 1 15.410 
CYCLE 1 5  
10 940 2,460 
22 950 5.160 I 8,940 39 770 
53 200 11.960 
68 940 15.500 
CYCLE t 6  
CYCLE C10 - 
12 680 2.850 
26 820 6,030 
45 190 10,160 
60 270 13.550 




DXSIW cu)(p L W :  102 300 Newtons ( 23,000 Pounds) 
Nut  Part No.: 820-8 
Nut  b t e r i a l :  AEls 6304 STEEL 
Nut Finish: 
Washer Par t  NO.: HS 20002C8 h HS 20002-8 
Hole Size: 12.827 mm ( 0.505 i n . )  
DRY FILM LUBE OVER CADMlUM PLATE 
W LMD 
79 260 17.820 77 310 17,380 1 9 1 1 E  i 02 040 i 22.940 22,050 11 880 2,670 11 340 2,550 25 980 5,840 25 930 5,830 44 170 9,930 46 700 10.500 58 490 13.150 62 410 14,030 77 530 17.430 79 710 17,920 CYCLE #2 CYCLE CZ CYCLE X 
10 810 2,430 10 230 2.300 
23 350 5.250 23 000 5.170 
41 060 9.230 40 650 9,140 
54 980 12,360 53 730 12,080 1 72 770 72 150 1 16,220 1 16.360 
CYCLE #& CYCLE #4 
I 9 120 10 010 1 2:250 1 2:050 
21 750 4.890 21 130 4,750 
38 070 8.560 37 500 8.430 
50 930 11.450 50 260 11.300 
67 920 15 270 67 340 15 140 
I 12 940 10 540 1 2.370 
22 860 5.140 26 690 
39 770 8,940 45 550 10.240 
52 310 11,760 58 850 13,230 
72 150 16.220 78 690 17,690 
CYCLE C11 CYCLE 111 
Newtons t (Pounds) 
I 
CYCLE #I 
17 080 3,840 
35 630 8,010 
59 250 13.320 









CYCLE tll I 
CYCLE C15 - 
N m .  
T ' m l t - m t  nssembly tasted in  Trnnsducer Controls load  cell.  Tensile clamp lcYd detemfned fram RBI Strain 
' IT '  demotes instal la t ion tmque. 
Indicator. 
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TABLE NO. I L 18 
BESDLTS OF 15-CYCLE INSTALLATION TOB.QDE-TBNSION TESTS OF MS 21250 SERIES 
!dRENCHING HgaD ALLOY STEEL BOLTS WITH NEW NUTS 
SlBSTITUiTD AT llTH CYCLE 
TEST C0M)ITION: TCWQUB FROM NUT 
Bolt Part  No.: MS 21250-08048 
Thread Size: 1/2-20 mm-u 
Bolt Mater ia l :  8740 STEEL 
Bolt F in ish :  CADMIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion .  MIL-B-8831 
DBSIaS CLAM LMD: 102 300 Nevtona ( 23,000 Pounds) 
Nut Par t  No. : H20-8 
Nut H a t e r i d :  AMs 6304 STEEL 
Nut F in ish :  
Washer Par t  No.: MS 20002C8 & MS 20002-8 
Hole Sire: 12.827 w ( 0.505 in.) 
DRY FILM LUBE OVER CAIMIUM PLATE 
40.67 360IT 17 840 4 010 17 440 3.920 
81.351 7201T 1 36 520 1 8:210 I 36 470 1 8.200 
135.58 12001T 61 290 13.780 62 320 14.010 
176.26 1 5 6 0 1 ~  80 zoo 18,030 81 220 18.260 
216.93 192012 100 300 22.550 105 460 23.710 
40.67 3 6 0 1 ~  10 540 2,370 13 340 3,000 
81.351 72011 I 23 220 I /I 27 710 1 6,230 
135.58 1 2 0 0 1 ~  39 850 46 790 10.520 
176.26 1 5 6 0 1 ~  51 770 11,640 61 290 13,780 
216.93 1 9 2 0 1 ~  70 630 15.880 79 800 17.940 





















36012 10 270 2,310 11 650 2,620 
7201T 22 280 5,010 23 890 5,370 
12001T 38 610 8.680 41 630 9.360 
1560IT 50 400 11.330 55 110 12.390 
19201T 68 100 15,310 71 920 16.170 
CYCLE #4 CYCLE 14 
3 6 0 1 ~  10 230 2,300 10 760 2.420 
7 2 0 1 ~  22 280 5,010 23 440 5.270 
1 2 0 0 1 ~  38 610 8,680 39 900 8.970 
1 5 6 0 1 ~  50 350 11.320 51 770 11.640 
1 9 2 0 1 ~  68 410 15.380 69 790 15.690 




1560 I T  
1920 IT -
3601T 









1 2,150 1 11 9 560 
9 830 1 :::2 21 310 4,790 20 590 4,630 37 630 8.460 37 01
49 460 11,120 49 370 11,100 
68 720 15,450 66 590 14.970 
1 7 560 1 1.700 I 8 320 1 1,870 
17 660 3.970 19 260 4,330 
31 310 7.040 34 340 7,720 
41 460 9.320 46 300 10,410 
56 620 12,730 62 010 13.940 
I, I 
CYCLK 411 11 CYCLE C11 
I I I 
40.67 360IT 16 720 3.760 17 300 3.890 
8::::/ 720IT 11 35 140 1 7.900 1 36 960 1 8,310 IZOOI 58 670 13.190 62 010 13,940 
176.26 1560IT 76 680 17.240 80 380 18.070 
216.931 192OIT 11 97 500 I 21;920 I 102 570 I 23;060 
I ii CYCLE 415 11 CYCLE 415 
SPECIMEN NO.S-T927 SPECIMEN NO.S-T928 SPECIMEN N0.S-T929 
MP imn 
Newtons I (Pounds; 
CYCLE #l 
15 830 3,560 
34 120 7.670 
58 220 13.090 
76 330 17.160 
102 700 I 23:090 
CYCLE #2 
 
11 920 2.680 
25 000 5,620 
42 390 9,530 
55 020 12,370 




10 320 2,320 
22 370 5.120 
39 410 8.860 
51 420 11.560 
71 480 16,070 





14 770 3.320 
33 270 7,480 
57 820 I 13.000 :: iz: I 17;070 
21.830 
CYCLB #I5 
Newtons i (Pounds] 
CYCLE #l -
15 210 3,420 
32 600 7,330 




11 650 2,620 
24 330 5,470 
42 750 9,610 
56 040 12,600 
74 990 16.860 
CYCLE 1 3  
CYCLE #5 I 
50 530 11,360 
69 480 I 15,620 
CYCLE C6 
CYCLE 110 





100 840 I 22;670 
CYCLE #2 
12 050 2.710 
25 180 5,660 
42 790 9,620 
56 450 12,690 
71 920 16.170 
CYCLE K3 
CYCLE #4 
9 470 I 2.130 
CYCLE 115 I 
65 470 1 14,720 
CYCLE #6 
CYCLE 110 
f7  970 
CYCLE X11 
16 320 3,670 
35 010 7,870 
58 800 I 13.220 
40.67 3601T 12 140 2.730 11 700 2,630 1 6.040 1 8l;:L. 7201T // 26 070 26 870 1 6,040 
135.58 12001T 43 900 9,870 43 230 9,720 
176.26 15601T 58 050 13.050 57 960 13.030 
216.93 1920IT 75 220 16,910 76 730 17.250 
T e 1 l . T 8  denotes i n s t a l l a t i o n  torque. 
?/ Bolt-nuc Emembly t e s t e d  i n  Transducer Controls 1-d cell. 
Indicator.  
Tensile clamp losd determined frm RBI S t r a i n  
77 660 17;460 
CYCLE 1.15 
100 3001 22.550 
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TABLE NO. I L 19 
RESULTS OF 15-CYCLE INSTWATION TCRqUE-TENSION TESTS,OF MS 21250 SERIES 
EM!dP.MIL WRBNCRIWO BBAD ALLOY STEKL BOLTS WITH NEW WVTS 
SWSTITUI'BD AT 6TH CYCLE 
TEST CONDITION: TORQUE NUT DESIGN CLAMP LMD: 102 300 Nevtonn ( 23,000 Pounds) 
Bolt Part  No. : MS 2125048048 Nut Par t  No,: 1120x8 
Thread Sine: 1/2-20 muJF-3A ht Material:  AMs 6304 STEEL 
Bolt Mater ia l :  8740 h t  Finish: -IJM PLATE, TYPE 11, CLASS 3, 99-P-416 
Bolt  F in ish :  C A ~ I ~  PLATE, 9Q-P-416, TYPE 11, CLASS 3 Washer Par t  No. : MS 20002C8 h MS 20002-8 
Bolt Spec i f ica t ion :  MIL-B-8831 Hole Sine: 13.081 w ( 0.515 in . )  
TORQUE SPECIMEN NO. S-T930 SPECIM.EN NO. S-T931 SPECIMEN NO. S-T932 SPECIMEN NO. SPECIMEN NO. 
11 INDUCED CLAMP LDAD 
Nm ( i n - l b f )  Newtons 
I I IP 
81.35 7201T 20 590 
135.58 IZOOIT 35 450 
176.26 1560IT 47 280 



































40.67 36011' 9 030 I 2,030 
81.35 72011' 20 910 4,700 
135.58 1 2 0 0 1 ~  36 780 8,270 
176.26 1 5 6 0 1 ~  48 840 10,980 
257.61 2 2 8 0 1 ~  79 750 17.930 
CYCLE 611 
40.67 3601T 8 100 1,820 
81.35 7201" 18 590 4,180 
135.58 12001T 33 230 7,470 
176.26 15601T 45 680 10,270 
257.61 228012 75 880 17.060 
CYCLE 215 I :I 360IT 11 6 270 I 1.410 72 20 240 4.550 
135.58 12WIT 29 050 6.530 
176.26 1560G 40 210 9;WO I 157.611 22801T 11 70 810 I 15,920 
NOTBS' 
T . ' I T '  denotes i n s t a l l a t i o n  torque. 
9 Bolt-nut assembly t e s t e d  i n  Transducer Controls load c e l l .  
Ind ica tor .  
Tensile clamp load determined f r w  RBI S t r a i n  
TABLE NO. I L 20 
\ 
RBSULTS OF 15-CYCLE INSTALLATION TCSlQlJE-TENSIolr TESTS OF MS 21250 SERIES 
BXT- WRENCHING HEAD ALLOY STEEL BOLTS Wll'H NEW NUI'S 
SDBSTITmED AT 1lTH CYCLE 
TEST CCNDITION: TORQUE FROn 
Bolt P a r t  No.: MS 21250-08048 
Thread Size: 1/2-20 LINm-3A 
Bolt Material: 8740 STEEL 
B o l t  Finish: CADMIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt S p e c i f i e s t x o n :  MIL-B-8831 
DESIQs CWW LOAD: 102 300 Nevtonm ( 23,000 Pounds) 
Nut P a r t  No.: 1120x8 
Nut M a t e r i a l :  AMs 6304 STEEL 
Nut Finish: 
Washer P a r t  No.: 
Hole Size: 13.081 w ( 0.515 in.) 
CADMILIM PLATE, TYPE 11, CLASS 3, QQ-P-416 





















SPECIMEN NO. S-T933 SPECIMEN NO. S-T93* 
INDUCED 
80 420 I 18,080 76 860 l?;Z80 
CYCLE 13 CYCLE #3 
20 190 4.540 I8 590 4.180 
35 360 7.950 32 510 7.310 
47 420 10.660 42 430 9.540 
75 260 16.920 70 500 15,850 
CYCLE #4 CYCLE #4 
6 140 1.380 7 780 1,750 
16 060 3,610 17 350 3.900 
29 710 6.680 34 830 7.830 
40 170 9.030 41 230 9,270 
67 390 15.150 67 970 15.280 
CYCLE #6 CYCLE #6 
37 590 8,450 37 900 8;520 
63 030 I 14.170 11 63 300 I 14.230 
CYCLE #lo CYCLE 110 
15 170 3,410 14 500 3.260 
27 800 6.250 26 420 5.940 
37 590 8.450 35 360 7,950 
63 780 14.340 59 470 13.370 
CYCLE 111 CYCLE 111 
12 990 I :;$: I 13 660 I 3.070 29 090 30 9 6.900 
51 060 11,480 53 200 11.960 
67 570 15,190 70 860 15,930 
10 300 23,160 106 660 23.980 
1 I, I .  
I I1 I 
CYCLE #15 11 CYCLE #15 [ 1,900 1 8 450 7 870 1 1.770 
19 880 4,470 19 930 4.480 
35 720 8,030 36 870 8,290 
52 130 11,720 09 730 11,180 
79 570 17.890 80 200 18,030 
SPECMEN NO. S-T935 SPECIMEN NO. SPECIMEN NO. 
W LOAD 
Nev tons  1 (Pounds) I Nevtons  I (Pound8 
CYCLE c1 I CYCLE C1 
I I I 
9 430 2,120 
21 220 4,770 
37 360 8.400 
48 790 10.970 
78 460 17.640 
CYCLE C3 CYCLE #3 
I I I 
























0 1.350 I CYCLE V O  
6,070 




CY LE 15 7 
CYCLE (6 
CYCLE d l 0  
1 CYCLE #11 
7- CYCLE #15 
V ' I T '  denotes installation t o r q u e .  
3 Bolt-nut assembly tested i n  Transducer C o n t r o l s  load cell. 
1ndturtor. 
Tensile claq l o a d  de te rmined  from €SI S t r a i n  
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TABLE NO. I L 21 
RESULTS OF 15-CYCLE INSTALLATION TORQLIE-TENSION TESTS OF MS 21250 SERIES 
EXTERN4L WBBllCHING HEAD ALLOY STEEL BOLTS W E H  NEW NLVS 
SUBSTITmED AT 6TH CYCLE 
TEST CONDITION: TORQUB FRM NUr DESIGN UAnP LWD: 235 740 Newton8 ( 53,000 Pounds) 
Bolt Par t  No.: Ns21250-12036 Nut Par t  NO. : HZO-12 
Thread Size: 3/4-16 WJF-U 
Bolt Mater ia l :  8740 
Bolt F i n i s h : a m u W  PLATE, 99-P-416, TYPE 11, CLASS 3 
Bolt  Spec i f ica t ion .  m4-8831 Hole Sire: 1g.2m mm (0 .756  in . )  
Nut Material:  AHS 6304 STEEL 
Nut Finish :  
Washer Part  No.: 
DRY FILII LUBE OYBIl CAlMllM PLATE 
MS 20002~12 h MS 20002-12 
SPECPIEN NO. S-T936 SPECIMEN NO. S-T9 TOROUE 
I/ 
Nm ( in- lbf )  Newtons I (Pounds 
CYCLE #I  
Fl 
135.58 1200 IT 61 380 13,800 
271.16 2400 IT 126 500 28,440 
406.75 3600 IT 156 790 35,250 
542.33 4800 IT 178 100 40,040 
745.70 6600 IT 236 630 53,200 
CYCLE 1 2  
PI 
135.58 1200 IT 46 480 10,450 
271.16 2400 IT 100 520 22,600 
406.75 3600 IT 134 770 30,300 
542.33 4800 I T  167 110 37,570 
745.70 6600 IT 235 120 52,860 
CYCLE 13 
Fl 
135.58 1200 IT 48 220 10,840 
271.16 2400 IT 91 980 20,680 
406.75 3600 IT 134 060 30,140 
542.33 4800 IT 161 730 36,360 
745.70 6600 IT 217 240 48,840 
CYCLE #& 
Fl 
135.58 1200 IT 45 500 10,230 
271.16 2400 IT 90 030 20,240 
406.75 3600 IT 121 830 27,390 
542.33 4800 IT 148 740 33,440 
745.70 6600 IT 192 290 43,230 
CYCLE 1 5  
PT I 
;; 1 31 310 135.581 1200 1 7:040 271.16 2400 IT 81 710 18,370 406.75 3600 IT 121 610 27,340 542.33 4800 IT 148 740 33,440 745.70 6600 IT 188 150 42 300 
INDUCED 
CYCLE 1 2  
30 360 8,850 
76 910 17,ZbO 
118 010 26,530 
158 570 35.650 
224 270 I 50;420 
CYCLE 83 
CYCLE 84 I 
31 400 7,060 
67 480 15,170 
103 420 23,250 
138 780 31,200 











2 1  710 4.880 
54 440 I 12,240 
?2 870 20.880 
14 680 281030 
36 150 I 41.850 















CYCLE 1 5  I 
CYCLE 1 6  
I 
42 520 9,560 
83 400 18,750 
27 750 28.720 
67 510 37 660 














Newtons 1 (Pounc 
CYCLE # l  
 CYCLE #2 
CYCLE #4 
1 
CYCLE #5 7- 
CYCLE X6 
-1 CYCLE # l o  
1- CYaE c11 
 CYCLE c15 
Newtons I (Pounds) 
CYLZE #l  





T * ' I T '  denotes i n s t a l l a t i o n  torque. 
Li Bolt-nut assembly t e s t e d  in Transducer Controls 1-d c e l l .  
Indicator. 
Tens i le  clamp l o a d  detemined  frw RBI S t r a i n  
2 31 
TABLE NO. I L 22 
RBSULTS OF 15-CYCLE INSTALLATION TORQUE-TEUSION TESTS OF NS 21250 SBRIEi 
RX"ERNAL WaBNCHIWG HEAD ALLOY STEEL BOLTS UITH NEW NWS 
SUBSTITTVPELI %T 11T8 CYCLE 
TEST C0M)ITION: TORQUE FRDH NW DESIGN M l l P  L W D :  235 740 Newtons ( 53,000 Pounds) 
Bolt Part No. : NS21250-12036 Nmt Part No.: H20-12 
Thread Size: 3/4-16 m-u Nut Haterial: AMs 6304 STEEL 
Bolt Material: 8740 STEEL Nut Finish: DRY FILH LUBE OVER CADMIDM PLATE 
Bolt F i n i s h : C A W & &  PLATE, 9Q-P-416, TYPE 11, CLASS 3 
Bolt SpecificatLon. MIL-B-8831 Hole Size: 19.202 m (0.756 in.) 

















































1200 I T  49 680 11,170 46 040 10,350 
2400 I T  92 210 20,730 85 710 19,270 
3600 I T  133 220 29,950 124 680 28,030 
4800 IT 170 450 38,320 169 250 38,050 











CYCLE 1 2  11 CYCLE I2 CYCLE #2 
PI. It I I! 1 _ -  
I T  
I T  
IT 




I T  
I T  
IT 
I T  - 
Pi" 
/I 37 990 1 8,540 1 46 260 
78 510 17,650 86 420 
115 960 26,070 124 190 
159 510 35.860 168 530 
216 480 
CYCLE 
10,400 39 900 8,970 
19.430 79 440 17.860 
27,920 119 120 26,780 
37,890 165 550 37,220 I 230 320 1 51.780 
7,310 30 650 6,890 
15,830 66 540 14,960 
2?1.160 105 060 23,620 
34,180 145 890 32.800 
48,670 213 730 48,050 
CYCLE $3 
CYCLE fi4 
CYCLE #5 /I CYCLE% 11 CYCLE #5 









1200 I T  25 580 5.750 23 970 5,390 24 290 5,460 
2400 I T  57 250 12.870 56 400 12,680 59 340 13,340 
3600 I T  89 140 20.040 89 940 20,220 97 230 21.860 
4800 I T  123 390 27,740 123 250 29,060 126 550 28,450 








I T  
I T  
I T  
I T  
I T  
PT 
- 






I T  I/ 21 440 I $)820 1 19 660 1 4,420 1 19 040 I 4.280 
I T  50 530 11,360 46 530 10,460 47 820 10,750 
I T  81 930 18,420 68 410 15,380 80 200 18,030 
I T  115 430 25,950 110 890 24,930 116 890 26,280 













I T  85 270 19;170 97 280 21:8?0 86 200 19:380 
I T  120 230 27,030 133 580 31,380 125 610 28,240 
IT 180 230 I 40.520 206 970 46,440 182 950 41,130 
Newtone I (Pounds) Newtons I (Pounds) 
NOTES * 
T " 1 T '  denotes installation torque. 
51 Bolt-nut aasembly tested in Transducer Controls load cell. 
Indicator. 
Tensile clamp load determined from BBI Strain 
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TABLE NO. I L 23 
RZSULTS OF 15-CYCLE INSTALLATION TORQUE-TEWION TESTS OF Ns 21250 SERIES 
KXTBBNIU. WRENCUING HBIU) ALLOY STEEL BOLTS WITH llBw NlZS 
SWSTITWgD AT 6TH CYCLE 
TEST CONDITION: TORQUE PROM m DESIGN C U M  LOAD: 235 740 Newton8 ( 53,000 Pounds) 
Bolt Part No. : EIS 21250-12036 Nut Part No. : H20X12 
Thread Size: 3/4-16 w - 3 ~  Nut Material: AMS 6304 STEEL 
Bolt Material: 8740 Nut Finish: PflMIUM PLATE, TYPE 11, CLASS 3, QQ-P-416 
Bolt Finish: CADMXLM PLATE, QQ-P-416, T P E  11, CLASS 3 
Bolt Specification. m-p-8831 Hole Size: 19.2C2 1110 (0.756 in.) 
Washer Part No. : MS 20002C12 h MS 20002-12 
PI 
135.58 1200 I T  27 710 6,230 26 200 5,890 26 950 6,060 
271.16 2403 I T  62 490 14,050 63 120 14,190 67 250 15,120 
005.75 3600 I T  103 280 23,220 109 380 24,590 110 090 24,750 
542.33 4800 I T  146 070 32,840 148 740 33,440 154 080 30,640 
813.49 7200 I T  221 780 49,860 223 600 50.270 229 030 51.490 
CYCLE #2 CYCLE #2 11 CYCLE 1 2  I PT II I I I, I - _  
135.58 1200 IT 
271.161 2400 
11 11 1 1:; 1 :; i2i I 11 :: :i I 406.75 3600 I T  32 470 20.790 96 390 21.670 104 970 23.600 
542 33 4803 I T  134 110 30.150 132 110 29 700 142 200 31;970 
813:491 7200 I T  11 201 140 I 4 5 b O  11 204 520 I 45i980 11 211 950 I 47.650 
135.581 271 16 1203 24 I T  1~ 55 160 12,400 57 250 12,870 56 670 12,740 
406.75 3503 I T  92 740 20,850 9 1  760 20,630 91 270 20,520 
542.33 4800 I T  134 770 30,300 123 300 27,720 131 660 29,600 
813.49 7203 I T  202 520 45,530 197 670 44,440 195 090 43.860 






























































I T  
I T  
I T  
I T  
- 
PT 
I T  
I T  
I T  
I T  
I T  -
PT 
I T  
I T  
t T  -
PT 
I T  
I T  
I T  
I T  
I T  - 
PT 
I T  
I T  
I T  
I T  - 
PT 
I T  
I T  
IT 
I T  
IT - 
11 21 130 I 4,750 11 33 270 I 7,480 1 23 040 1 5,180 
54 220 12.190 58 490 13.150 55 690 12,520 
85 980 19.330 91 270 20.520 89 140 2O.lS+O 
126 540 28;OOO 130 640 29 370 128 460 28;880 11 191 490 I 43.050 I/ 197 450 I 44i390 11 193 220 I 63.440 
CYCLE #5 CYCLE C5 CYCLE 15 
23 750 5,340 23 490 5,280 24 060 5,410 
59 200 13,310 57 510 12,930 58 000 13,040 
90 740 20,403 85 620 19,250 91 100 20,480 
124 770 28,050 119 380 26,840 127 440 28,650 
192 063 43,180 195 710 44,000 193 040 43,400 
I I I 
- CYCLE W CYCLE 16 CYCLE 16 I 33 540 1 35 810 1 8,050 7,540 I 30 2001 6,790 
76 150 17.120 78 280 17,600 68 370 15,370 
113 740 25,570 141 400 31,790 108 620 24,420 
155 440 35,170 175 920 39,550 155 $60 34,950 
226 180 50,850 233 880 52,580 225 510 50,700 
CYCLE #10 CYCLE #lo CYCLE #lo I 29 1301 1 22 860 5,140 6,550 I 24 2401 5,450 53 510 12,030 69 970 15,730 58 450 13.140 87 400 19.650 112 530 25,300 94 610 21,270 123 340 27,730 143 360 32,230 133 930 30,110 188 370 42,350 217 730 48,950 205 810 46,270 
CYCLE #11 CYCLE $11 CYCLE #11 
35 0101 ~ 22 650 5,100 I 7,870 I 21  2201 4,770 53 603 12,050 63 610 14,300 53 050 11,930 87 050 19,570 99 810 22,440 35 670 19,260 120 760 27,150 1% 550 30,250 126 720 28,490 186 390 42,WO 212 840 a7 850 195 400 43,930 CYCLE 115 CYCLE #15 CYCLE A 5  
20 990 0,720 29 710 6,680 19 040 4,280 
09 730 11,180 56 710 12,750 46 480 10,450 
81 710 18,370 30 830 20,420 76 820 17,270 
118 410 26,620 125 120 28,130 113 690 25,560 
170 270 38,280 196 330 44,140 180 370 $0,550 
Newtons 1 (Pounds 
CYCLE #I 
CYCLE 12 7- 
CYCLE 13 





CYCLE #10 I CYCLE # l l  
I mars # i s  
CYCLE 13 
CYCLE 14 
CYCLE 15 1 








T " I T '  denotes instal la t ion torque. 
Bolt-nut assembly tested i n  Transducer Controls load cel l .  
Indicator. 
TenBile clamp load determined from RBI Strain 
2 3 3  
TABLE NO. I L 24 
BBSULTS OF 15-CYCLE INSTALIATION TORQUE-TENSION TE?#TS OF MS 21250 SPaIEs 
BQCFXNAL WRENCRING BgllD AL&OY WE& BOLTS Ww NEW m S  
SUBSTITWED AT llTH CYCLE 
TEST CONDITION: TORQUE FP.CW NOT DBSIM CLAW LMD: 235 740 Newton# ( 53,000 Pounds) 
Bolt Part No.: MS 21250-12036 Nut Part No.: H2OX12 
Thread Size: 3/4-16 Nut Material: Am 6304 STEEL 
Bolt Material: 8740 S T E ~  Nut Finish: CAtmIW W E ,  TYPE 11, CLASS 3, QQ-P-416 
Bolt Finish:CADmUn PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Specification: WL-B-8831 Hole Size: 19.202 m ( 0.756 in . )  
Washer Part No.: MS 20002C12 (i MS 20002-12 
--.--- _ _  670 18,360 
813.49 7200 I T  196 070 44,080 190 820 42,900 182 720 41.080 
406 
542.33 4800 IT 119 120 26:mo lib 490 I ii:I90 115 070 25,870 I ---I 
I CYCLE #10 1 CYCLE 110 I 
T I I T '  denote8 in s t a l l a t ion  torque. 
2/ Bolt-nut assembly tes ted I n  Transducer Control. l o s d  cel l .  
Indicator. 
Tensile claw losd determined from BBI Strain 
2 3 4  
TABLE NO. I L 25 
RESULTS OF 15-CYcLE IN$TALIATION TOILQUE-TENSIONS TESTS OF PIS 21250 SERIES 
KI(TBBNAL WRENCHING HBAD ALLOY STKEL BOLTS WITH NEW NUTS 
SuBsTITL5ED AT 6TH CY- 
TEST CONDITION: TOILQ~ FRM rn DKSTQl M H P  LCMD: 235 740 Newton8 ( 53,000 Pounds) 
Bolt  Part  No.: PIS 21250-12070 Nu6 Par t  No. : 1120-12 
Thread Sire: 3/4-16 UNJP-U Nu6 Material:  AN.3 6304 STEEL 
B o l t  H a t e r i a l :  8740 
Bolt Finish: CACHIUM PLATE, QQ-P-416. TYPE 11. CLASS 3 
Nut Finish: 
Washer Part  No. : Hs 20002c12 & Hs 20002-12 
DRY FILM LUBE OVER CADMIUM PLATE 
Bolt Spec i f ica t ion .  H I L - E - ~ ~ ~ I  Hole Size: 19.177 mm ( 0.755 in.) 








(in-lbf) Newtons I (Pounds 












1200 IT 44 120 9,920 
2400 IT /I 85 490 1 19,220 3600 I T  141 800 31,880 4800 IT 173 160 38.930 45 240 88 160 123 120 163 330 




































1200 IT /1 36 870 I 8,290 
2400 IT 55 330 12,440 
3600 I T  104 790 23,560 
4800 IT 138 380 31,110 
6600 I T  204 520 45.980 




1200 I T  25 220 5,670 
2400 IT 60 400 13,580 
3600 IT 102 750 23,100 
4800 IT 143 180 32,190 
6600 IT 215 110 48,360 
CYCLE 115 
1200 IT 22 460 5,050 
2400 IT 48 930 11,000 
3600 IT 103 550 23,280 
4800 IT 143 850 32,340 

























6600 IT I 22 600 1200 IT 1 5,080 
2400 I T  49 190 11,060 
360012 80 420 18,080 
4800 IT 113 160 25,440 
6600 IT 178 500 40,130 











/1 18 370 1 4,130 
47 820 10,750 
3600IT 77 530 17,430 
4800IT 99 720 22,420 
66OOIT 170 850 38.410 
18 730 4,210 
47 730 10,730 
75 480 16,970 
105 950 23.820 
181 660 I 40&0 
CYCLE #15 
168 050 37;780 I 
 CYCLE 215 


















48WIT 94 300 21;290 
6600IT 11 159 820 I 35.930 
T I I T '  denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  i n  Transducer Controls load c e l l ,  
Indicator.  
Tensile elwp load determined frao RBI S t r a i n  
235 
TABLE NO. I L 26 
RESULTS OP 15-CYCLE INSTALLATIoly TaOuB-TENSION TESTS OP Ms 21250 SERIES 
EXTBBWIU. WRENCHING W A D  ALLOY STEEL BOLTS WITH NEW MlfS 
SUBSTITWED AT l l T H  CYCLE 
TEST COEIDITION: ~ o a g u ~  p ~ m  ~ l f  DBSIGN CLAMP L W D :  235 740 Newton8 ( 53,000 Pounds) 
Bolt Part No.: HS 21250-120)o Nut Pact No.:  1120-12 
Thread Size: 3/4-16 ~ J P - S  Nut Wterial: AMs 6304 STEEL 
Bolt Usterial: 8740 STEEL Nut Finish: DRY FILM LUBE OYW WIUM PLATE 
Finish: CADMItM P W T E ,  QQ-P-416, TYPE 11, CLASS 3 Washer Part No.: Ms 2 0 0 0 2 C 1 2  6 Ms 2OOO2-12 
Bolt Specification. m~-~-8831 Hole Sire: 19.177 w (0.755 in . )  
135.58 1200 I T  
171.16 2400 I T  
$06.75 3600 I T  
i42.33 4800 I T  
145.70 6600 I T  
135.58 1200 I T  
L71.16 2400 I1 
$06.75 3600 I T  
i42.33 4800 I T  
145.70 c6600 I T  
135.58 1200 I T  
L71.16 2400 I T  








4800 I T  
6600 I T  
.35.58 1200 I T  
!71.16 2400 I T  
106.75 3600 I T  
i42.33 4800 I T  
'45.70 6600 IT 
3.58 1200 I T  
!71.16 2400 I T  
106.75 3600 I T  
'45.70 i 6600 I T  i42.33 4800 IT 
.35.58 1200 IT 
!71.16 2400 IT 
106.75 3600 I T  
142.33 4800 I T  
'45.70 I 6600 I T  
SPECIMEN NO. 
Newtons I (Pounds) 
CYCLE ill 
44 700 10,050 
88 290 19,850 
124 540 28,000 
160 570 36,100 
232 410 52,250 
CYCLE #2 
34 030 7,650 
71 390 16,050 
106 310 23,900 
147 670 33,200 
221 070 49,700 
 
CYCLE 13 
30 250 6,800 
66 050 14,850 
100 750 22,650 
137 890 31,000 
213 730 48,050 
CYCLE #4  
CYCLE 0 
T 
24 060 SJOO 
57 980 12,900 
a8 740 I 19.930 
125 210 28;lSO 
190 820 I 42.900 
CYCLE (6 
maB 110 
19 350 4,350 
50 260 11,300 
78 730 17,700 
110 310 24,800 l-168 CYCLE 360 111 37,850 -
41 140 9,250 
82 510 18,550 
124 100 27,900 
172 140 38.700 
242 860 I 54;600 
CYCLE 115 
19 130 4,300 
47 820 10,750 
75 170 16,900 
110 530 24,850 
174 580 39,250 
INDUCED 
Newtons I (Pounds 
CYCLE #I  
41 590 9,350 
85 620 19,250 
164 130 36.900 
228 630 51,400 
129 440 29,100 
CYCLE 12 
33 580 7,550 
70 270 15,900 
105 200 23,650 
145 450 32.700 
218 620 I 49;150 
CYCLE #3 
CYCLE #4 
26 240 5,900 
58 718 L3,ZOO 
100 750 22.610 
141 450 sL;soo 
211 950 I 49,000 
C Y a I  15 
CYCLE 116 I 
CYCZE 111 
 
42 920 9,650 
87 630 19,700 
127 880 I 28.750 
179 700 I 40:400 
za 690 1 6,410 1 1 1 1 
98 a80 22,950 
62 128 14,100 
433 120 29,930 
206 390 46.hM) 
NOTES 
T " 1 T '  denote8 installation torque. 
21 Bolt-nut assembly tested in Transducer Controls load cell. 
Indicator. 
Tenmile clamp load determined frm RBI Strain 
236 
TABLE NO. I L 27 
RESaT'S OT 15-CYCLE epSTALLATION TMLPUg-TENSION TESTS OF MS 21250 SERIES 
WI'BRNAL WRENCEING WSD ALLOY STEEL BOLTS WITH UEW NUTS 
SIi3STIXWED AT 6TB CYCLE 
TEST CONDITION: TORQUE FRM NUI 
Bolt Part N o .  : MS 21250-12070 
Thread Size: 3/4-16 UNJF-U 
Bolt Material: 8740 STEEL 
DESIGN CLAMP LOAD: 235 740 Newtons ( 53,000 Pounds) 
NUL Part No. : UOXlZ 
NUL Nsterial: AMs 6304 STEEL 
NUL Finish: CALPZIUH PIATE, TYPE 11, CLASS 3, QQ-P-416 
Bolt Finish:CADMIw PLATE, Qq-P-416, TYPE 11, CLASS 3 
Bolt Specification. MIL-B-8831 Hole Size: 19.202 m ( 0.756 in.) 


















































CYCLE 62 CYCLE 112 CYCLE 112 CYCLE 9 2  CYLI E *ti 
I I I I 1 1 1 
1200 I T  14 770 3,320 20 770 4,670 18 950 4,260 
2400 IT 37 810 8,500 43 720 9,830 48 2ZO 10,840 
3600 IT 72 460 16.290 75 480 16,970 81 800 18,390 
4800 I T  122 010 27,430 115 910 26,060 116 140 26,110 
7200 IT 205 230 46,140 196 970 44,280 195 490 43,950 
CYCLE 03 CYCLE #3 CYCLE a3 CYCLE $13 L'LLLE 3 
1200 IT 14 190 3.190 19 260 h.330 17 530 3,940 
3600 I T  69 570 15.640 68 500 15,400 76 370 17,170 
4800 I T  110 930 24,940 98 610 22,170 110 440 24,830 
7200 I T  192 820 I 43,350 178 100 40,040 176 940 39,780 
2400 IT 35 940 8,080 40 300 9,060 44 309 9,960 I t  
CYCLE #4 CYCLE ( 4  CYCLE +4 CYCLE ~14 CYCLE 'r4 
u n o  IT 13 430 3,020 18 820 4.230 15 920 3,580 
2400 I T  31 000 6,970 36 380 8,180 40 880 9,190 
3600 I T  65 030 14,620 67 650 15,210 74 060 16,650 
4800 IT 97 940 22,020 97 540 21,930 107 200 24,100 
7200 I T  179 120 40,270 173 030 38,900 174 540 39,240 
CYCLE 1 5  CYCLE 65 CYCLE N5 CYCLE 15 CYCLE a p j  
1200 I T  12 990 2,920 17 350 3,900 15 030 3,380 
2400 I T  29 850 6,710 33 400 7,510 38 650 8,690 
3600 I T  64 050 14,400 63 920 14,370 71 520 16,080 
4800 I T  96 880 21,780 96 170 21,620 103 330 23,230 
7200 IT 180 860 40,660 170 180 38,260 172 140 38,700 
- CYCLE U6 CYCLE 16 CYCLE 86 CYCLE it6 C i i L t  'i 
1200 I T  23 170 5,210 21 080 4,740 21 390 4,810 
2400 I T  53 060 11,930 56 980 12,810 53 460 12,020 
3600 I T  94 960 21,350 90 830 20,420 82 550 18,560 
4800 I T  137 090 30,820 127 970 28,770 119 380 26,840 
7200 IT 231 470 52,040 214 660 48,260 203 630 45,780 
CYCLE +io CYCLE #10 CYCLE #lo CkCLE #lo CYCLE 1/19 
1200 I T  14 590 3,280 G4LLING 16 410 3,690 
42 120 9,470 2400 I T  29 490 6,630 8TE CYCLLI 
3600 I T  55 640 12,510 68 630 15,430 
4800 I T  83 360 18,740 101 460 22,810 
7200 I T  ~ ~ 142 160 31,960 168 7601 37,940 - 
CYCLE #11 CYCLE #ll CYCLE 611 CYCLE 111 CYCLE Y11 
1200 I T  14 140 3,180 16 150 3,630 
2400 I T  28 560 6,420 40 920 9,200 
3600 I T  53 510 12,030 66 540 14,960 
4800 I T  79 930 17,970 99 500 22,370 
7200 I T  138 380 31,110 164 180 36,910 
CYCLE ui5 CYCLE 615 CYCLE 1115 CYCLE 1115 CYCLE N15 
I I 1 I 1 1 
14 900 3,350 
2400 I T  15TB CY E 39 500 8,880 
64 050 14,400 
92 610 20,820 I 154 480 34,730 1200 I T  GALLING 3600 I T  4800 I T  7200 I T  
N d E S  : 
21 
'IT' denotes installation torque. 
Bolt-nut assembly tested in Trsnaducer Control. load cell. 
Indicator. 
Tensile clamp 1o.d determined frm RBI Strain 
237 
238 
TABLE NO. I L 28 
RBsULTs OF 15-CYCLE IWI%LLATION TOBQIIE-TENSION TESTS OF MS 21250 SERIES 
m w  WmQ HEAD ALLOY STEEL BOLTS WITH NEW m S  
SIJBSTPPVPFZI AT Ill74 CYCLE 
DESIGN CLAMP LOAD: 235 740 Newtons ( 53,000 Founds) TEST C0M)ITION: T m Q m  pacH 
B o l t  Part No. : Ms 21250-12070 Nut Part No. : H2OXl2 
Threed S i z e :  3/4-16 I I L P J F - ~  Nut M a t e r i a l :  AMS 6304 STEEL 
B o l t  M a t e r i a l :  8740 m m  Nut Finish: CADMTDkl PLATE, TYPE 11, CLASS 3, QQ-P-416 
Bolt F i n i s h m m  ~LA'J!~, QQ-P-416, TYPE 11, CLASS 3 
Bolt SpeeiEtcat ton:  --~4831 Hole S i z e :  19.202 mn ( 0.756 I n . )  
Uaaher Part N O . :  MS 20002012 h EIS 20002-12 































































14 190 3,190 
39 500 8,880 
66 900 15,040 
98 660 22,180 
167 020 37,550 
CYCLE #11 
INDUCED CLAMP LOAD 
21 080 1 4,740 20 280 4,560 
55 560 12,490 52 890 11,890 
93 050 20,920 91 940 20,670 
137 270 30,860 128 280 28,840 
226 140 50,840 212 440 47,760 
CYCLE #2 CYCLE 1 2  
I 
18 150 19 220 
47 900 1 l",% 11 48 440 1 ,'b$: 84 020 18.890 82 020 18.440 
CYCLE (13 
17 570 1 3,950 11 16 190 1 3,640 
46 620 10,480 43 810 9,850 
80 950 18.200 75 260 16.920 
120 320 27;050 108 400 24;370 
200 920 45,170 178 720 40,180 
CYCLE (I4 11 CYCLE {I* 
16 060 I 3.610 11 15 480 I 3.480 I 39 900 43 770 9i840 ai970 
77 970 17,530 71 350 16,040 
116 540 26,200 101 810 22,890 
192 150 43,200 172 320 38,740 
CYCLE (15 CYCLE 115 
14 630 3,290 15 030 3,380 
40 250 9,050 39 190 8,810 
71 700 16,120 67 880 15,260 
110 530 24,850 97 720 21,970 
181 750 40,860 168 800 37,950 
CYCLE #6 CYCLE t 6  
14 010 14 900 
39 050 1 I 38 700 1 ::% 
70 010 15.740 66 500 14.950 
103 500 23;270 96 790 I ?1;760 
175 830 I 39,530 11 i68 130 37,800 
CYCLE #10 11 CYCLE #10 
12 500 13 210 
87 890 19;760 92 650 20;830 y 161 730 
11: 67: 1 31:i'l; 36,360 17 530 3,940 
56 620 12,730 50 930 11,450 
92 520 20,800 87 490 19,670 
131 930 29.660 126 230 28.380 
CYUE 111 CYCLE 111 
219 730 I 49;400 11 209 280 I 47;050 
CYCLE 115 CYCLE 1115 
I II 1 
18 950 I 4.260 I\ 15 390 I 3.460 
ii iii I 111620 11 45 240 I 10;170 9,78 77 880 17,510 
127 790 28.730 113 420 25.500 
210 120 1 471240 )I 187 620 I 421180 
CYCLE C6 CYCLE it6 
CkCLE 610 CYCLE st10 - 
CYCLE #ll CYCLE fill 
CYCLE #15 CYCLE 115 
, 
7 'IT' denotes  i n s t a l l a t i o n  torque. zf Bolt-nut assembly t e s t e d  i n  Tranaducer Controls  l a d  cell. 
I n d i c a t o r .  
T e n s i l e  clamp l a d  determined from RBI S t r a i n  
0 
TABLE NO. I M 1 
RESULTS OF 15-CYCLE INSTALUTION TORQUB-TENSION TESTS OF MS 21250 SERIES 
mERNAL WRENCHING HEM) ALLOY STEEL BDLTS UNDEX 3' BENDING CONDITIONS 
TEST CQYDITION: TORQUB PRM rn DGSIW U b M P  U U D :  24 020 Newtons ( 5,400 Pounds) 
Bolt Par t  No.: MS 21250-04012 
Thread S i t e :  1/4-28 UEIJP-U Nut Materiel:  AMS 6304 STEEL 
Bolt  Mater ia l :  8740 =BEL Nut F in ish :  DRY FILM LUBE OYER CADHILIM PLATE 
Bolt Finish: CADMILPI PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion .  ~a-7,-8831 Hole Size: 6.452 mm ( 0.2% in . )  
Nut Par t  No.: H23-4 
Washer Part  No.: 3' NARDENBD WASHBB UNDER N77l 
24.86 I 220 I T  11 18 010 I 4;050 (1 19 390 I 4;360 
CYCLE #3 1 CYCLE #3 
I I1 I 
5.65 50 IT I 2 270 I 510 I 2 980 1 670 
11.30 100 I T  6 090 1,370 6 940 1,560 
16.95 150 I T  10 050 2,260 11 080 2,490 
22.60 200 I T  13 970 3,140 15 260 3,430 
24.86 220 I T  16 390 3,685 18 280 4,110 1 CYCLE #4 CYCLE d 
5.65 50 IT 2 180 490 
11.30 100 I T  5 960 1,340 
16.95 150 IT 9 740 2,190 
22.60 200 IT 13 480 3,030 
24.86 220 IT 16 100 3.620 
I CYCLE #5 CYCLE #5 
I I 
5.65 1 50 I T  1 2 050 I ,:I 1 2 310 .: 11.30 100 IT 5 780 1,300 5 960 1,340 16.95 150 IT 9 430 2,120 9 520 2,140 22.60 200 IT 13 120 2,950 12 990 2,920 24.86 22  I  15 57  3 500 1 5  83  3 560 
CYCLE 16 CYCLE #6 
5 65 50 IT 2 000 2 220 .. .
11.30 100 I T  5 520 1,240 
16.95 150 IT 8 940 2,010 2,060 
22.60 200 IT 12 720 2,860 
24.86 220 IT 15 300 3,440 
CYCLE #10 I CYCLE #lo I I U I 
5.651 50 IT I 1 730 1 390 2 090 I 470 
11.30 100 IT 4 850 1,090 5 380 1,210 
16.95 150 IT 8 010 1,800 7 700 1,730 
22.60 200 I T  11 210 2.520 11 790 2.650 
24.86 220 IT 13 660 1 3;070 13 340 I 3;000 
CYCLE tll CYCLE #11 




CYCLE 1 2  I 
3 110 700 
6 630 I 1,490 
1 0  450 2.350 
14 590 I $iZ: 
17 480 
CYCLE 113 
CYCLE 114 I 
2 580 580 
5 960 I 1.340 
9 300 2.090 
CYCLE 1 5  
9 340 2,100 




CYCLE # l o  
CYCLE 111 
1,780 
1 0  990 2,470 
13 660 3,070 
CYCLE #15 
12 010 I 2:7W 
Newtons i (Pounds) Newtons i (Pounds) 
CYCLE #1 
4 540 1 1.020 11 4 890 I 1.100 
19 930 hi430 22 400 Si035 
CYCLE #3 CYCLE 1 3  
8 580 1,930 
10 590 2.380 13 260 2,980 
14 630 3,290 18 010 4,050 
1 7  480 3,930 21 840 4,910 
CYCLE 14 CYCLE #4 
2 580 580 3 110 700 
5 870 1,320 7 700 1,730 
9 560 2.150 11 970 2,690 
13 210 2,970 16 370 3,680 
16 390 3,685 20 190 4,540 
I 1 
CYCLE 65 CYCLE #5 
1 780 I 4 0 0 1  2 310 1 520 
4 540 1,020 5 960 1,340 
7 470 1.680 9 430 2.120 
1 0  410 2;340 12 810 2;880 
12 830 2,885 16 390 3,685 
CYCLE #11 CYCLE # l l  
I 1 
1 780 I 4001  2 220 I 500 
1 420 2 050 
3 960 
4 54 1 1,02  I  i::1 1,31  
7 380 1,660 9 340 2,100 
10 320 2,320 12 770 2,870 
13 120 2,950 16 390 3,685 
CYCLE 115 CYCLE 815 1 360 5.651 50 IT ~ 1 600 1 1 510 1 ,;;: 11.30 100 IT 4 760 1,070 4 3
16.95 150 I T  7 830 1,760 7 120 1,600 
22.60 2 W I T  11 030 2,480 10 050 2,260 
24.86 220 IT 13 120 2.950 12 280 2 760 
NOrEs. 
-i7-"1T8 denote. i n s t a l l a t i o n  torque. 
9 Bolt-nut asaembly tea ted  in Transducer Control8 losd c e l l .  
fromMoseleyAutogr4f Recorder. H23 Series nut8 torqued with 12-point eocket. 
Tens i le  clamp load determined from X-Y curve 
11 2101 2;5201 15 830 I 3;560 
2 3'9 
TABLE NO. I M 2 
RESULTS Op 15-CYCLE INSTALLATION TORQUe-TENSION TESTS OF MS 21250 SERIES 
EXTERNAL WRENCNING HEAD ALLOY STEEL BOLTS IJNDER 3' BBNDING CONDITIONS 
DBSIGU CLAMP LWD: 24 020 Newtons ( 5,400 Pounds) TEST CONDITION: 
Bolt Par t  No. : MS 21250-04012 Nut Par t  No. : R23-4 
Thread Size: 1/4-28 rnm-3~ Nut Mater ia l :  AMS 6304 STEKL 
Bolt Mater ia l :  8740 STEEL Nut F in ish :  DRY FILM LUBE OVER CADMIUM PLATE 
Bolt  F in ish :  C A D H I I ~  ~ L A T E ,  QQ-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion :  mL-B-8831 Hole Size: 6.452 m (0.254 in.) 
TORQUE FRCN BOLT HEAD 





























































50 I T  
100 I T  
150 IT 
200 I T  
220 I T  -
50 I T  
100 IT 
150 IT 




























SPECIMEN NO.S-T965 SPECIMEN N0.S-T966 SPECIMEN N0.S-T967 SPECIMEN NO. S-T968 SPECIMEN NOS-T969 
Newtons 1 (Pounds 
-=-?-- 
4 310 I 970 
2,120 
14 630 3,290 
2; 2 1:; 690 I 4,500 5.1
, I  
CYCLE 12 
CYCLE 1 3  
1,630 















I 510 340 
4 140 930 
6 450 1 1,450 
11 210 2,580 
CYCLE #I1 
 
9 250 2,oao 
1 510 1 340 
4 180 940 - 
CYCLE #15 
1 510 340 
4 140 930 
6 270 I 1,410 
9 070 2,040 



































1,:; 1 ii: 1 1,620 
2,410 11 030 2.480 
3.220 15 610 3.510 
3;750 11 18 280 I 4;110 
11 CYCLE #4 
II I 
400 11 2 620 I 590 
1.290 6 490 1.460 11 10 320 2;130 1 2;320 
3,010 14 320 3,220 
3,560 16 390 3,685 
11 CYCLE 1 5  
II I 
CYCLE 16 11 CYCLE 16 
I I1 I I 1 820 I 690 380 410 
5 690 1,280 5 340 1,200 
9 430 2,120 7 870 1,770 
13 340 3,000 12 100 2,720 
15 830 3,560 14 750 3,315 
CYCLE 810 CYCLE #IO 
370 1 3 211 I 1,030 .75  I 
CYCLE 115 n CYCLE 115 
I n I 1 1 4 2 0  1 i: 1 6 5 0  1 370 4 890 1,lW 4 14  
7 830 1,760 6 670 1,500 
11 790 2,650 9 560 2,150 
13 340 3,000 11 480 2,580 
19 260 4;330 20 510 41610 
22 400 5,035 23 750 5,340 
CYCLE #2 CYCLE #2 
I I 
1 640 I 2 850 3 250 1 ,730 6 540 1,470 8 100 1,820 10 100 2,270 12 410 2,790 14 370 3,230 17 660 3,970 16 900 3,800 21 020 4 725 CYCLE #3 CYCLE 13 
12 810 2,880 15 120 3;400 
14 460 3 250 18 280 4,110 
CYCLE 114 CYCLE #4 
4 710 1,060 6 050 1,360 
1,620 9 120 2,050 
10 410 2,340 12 900 2,900 
12 830 2,885 15 830 3 560 
CYCLE L5 CYCLE #5 
7 120 1,600 8 630 1,940 
10 360 2,330 12 280 
1 470 1 ;i3 I 1 560 I 350 
4 090 4 760 1,070 
6 410 1,440 7 250 1,630 
9 300 2,090 10 680 2,400 
11 740 2,640 1 3  340 3,000 
CYCLE 111 CYCLE #11 
4 000 4 670 1,050 
6 270 1,410 7 250 1,630 
9 250 2,080 10 590 2,380 
11 740 2.640 13 920 3,130 
CYCLE 815 CYCLE 115 
1 330 I GI 1 420 I ii: 
4 000 4 180 
6 090 1,370 6 810 1,530 
9 030 2,030 9 300 2,090 
11 210 2,520 12 280 2,760 
'IT' denotes i n a t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  in Transducer Controls laad c e l l .  
from MoBeIey Autograf Recorder. 
Tensile clamp load determined from X-Y c u m  
H23 S e r i e s  nu ts  torqued with 12-point socket. 
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TABLE NO. I M 3 
RESULTS OF 15-CYCLE INSTALLATION TmQLlB-TENSION TESTS OF MS 21250 SERIES 
EXT- WRENCHING BBBD ALLOY STEEL BOLTS UNDER 3* BEND% CONDITIONS 
TEST CONDITION: TORQUB PI(OM rn DESIQI CLbWp L m D :  24 020 Newtons ( 5,400 Pounds) 
Bolt Part No.: rn 2125o-r&o.p, N u t  Part No.: H23-4 
Thread Size: 1/4-28 m ~ p - 3 ~  Nut Material: AEIs 6304 STEm 
Bolt Material: 8740 Nut Finish: DRY FILM LWE OYW CADMIM PLATE 
Washer Part No. : 3" HARDENED WASBE UNDER NUf Finish: CADM1LG-l PLATE, QQ-P-416, TYPE 11, CLASS 3 































































50 I T  11 1960 
100 I T  11 s 650 
150 IT 14 810 
200 I T  20 420 
220 I T  28 690 
M I T  
100 I T  
150 I T  
200 I T  
220 I T  
50 IT  
100 IT 
150 I T  
200 I T  
220 IT -
M I T  
100 I T  
150 IT 
200 I T  



































1 CYCLE 110 I 
~ 
CYCLE x11 
14 140 3,180 
20 370 4,580 
24 860 5,590 
CYCLE #15 
7 470 1,680 
12 190 2,740 
17  660 3,970 
21 310 4,790 
INDUCED CLAMP LOAD 
Newtons I (Pounds)! Newtons I (Pounds) I N e w t o n s  1 (Pounds) N e w t o n s  I (Pounds) 
CYCLE #1 n CYCLE #1 I CYCLE 01 1 CYCLE 81 
I U 1 1 1 n 1 
3 910 3 380 
8 850 1,990 8 050 1,810 9 560 2,150 9 470 2,130 
13 170 2,960 11 160 2,510 14 280 3,210 14 230 3,200 
18 410 4,140 1 7  080 3,840 20 190 4,540 20 420 4,590 
21 840 4,910 19 930 4,480 23 490 5,280 24 020 5,400 
i:: 1 1,;: 1 2;: I 1,:: I 2 1 1,z:l 1 1,510 48
8 630 1,940 8 980 2,020 9 390 2,110 10 500 2,360 
12 770 2,870 12 630 2,840 12 900 2,900 15 480 3,480 
15 030 3.380 14 750 3.315 17 750 3.990 18 570 4.175 
2 220 5W 2 220 500 2 000 450 
1 8  1 400 1,240 5 470 1,230 6 140 1,380 1,470 1,94  8 760 I 1,970 9 210 1 2,070 % 1 2,200 
12 770 2,870 12 370 2,780 12 370 2,780 14 770 3,320 
15 030 3,380 14 460 3,250 17 480 3,930 18 280 4,110 
CYCLE #15 CYCLE #15 CYCLE #15 CYCLE #15 
I 1 1 1 
1 690 380 2 050 460 2 090 470 1 730 390 
5 520 1,240 5 290 1,190 6 000 1,350 6 320 1,420 
8 360 1,880 8 810 1,980 9 210 2,070 9 650 2,170 
12 590 2,830 11 920 2,680 12 410 2,790 14 320 3,220 
15 030 3,380 13 660 3,070 ~ 17 210 3,870 18 010 4,050 
'IT' denotes instal la t ion torque. 
Bolt-nut assembly tested Ln Transducer Controls load cel l .  Tensile clamp l a d  determined from L Y  curve 
frm noseley Aut0gr.f Becorder. H23 Series mts torqued with 12-point socket. 
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TABLE NO. I I 4  
RBSDLTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF MS 21250 SERIES 
B X T e  WRENCNING Io ALLOY STEEL BOLTS DNDER 3' EENDINC CONDITIONS 
1 
TEST COWDITION: TORQUE FEU4 BOLT BBhD DESIGN CLAW LOAD: 24 020 Newton8 ( 5,400 Pounds) 
Bolt Part No.: EIS 21250-@&024 Nut Part No. : 823-4 
Thread Size: 1/4-28 u ~ ~ p - 3 ~  Nut Material: AMs 6304 STEEL 
Bolt Material: 8740 S T ~  Nut F i n i s h :  DRY FILM LWE OVER CADMIUM PLATE 
Bolt F i n i s h :  CADHIIJM PLATE, ~ ~ a - 4 1 6 ,  TYPE 11, a s s  3 
Bolt Specification. n -n -8831  Hole Size: 6.452 m ( 0.254 in.) 
































150 I T  
200 I T  
220 I T  -
50 I T  
100 I T  
150 I T  
200 IT 
220 I T  -
50 I T  
100 I T  
150 I T  
200 I T  
220 I T  -
50 I T  
100 IT 
150 IT  
200 I T  
220 IT -
50 I T  
100 IT 
150 I T  
200 I T  
220 I T  
50 I T  
100 I T  
150 I T  
200 I T  
220 I T  -
50 IT 
100 I T  
150 I T  
200 I T  
220 I T  
50 I T  
100 I T  
150 I T  
200 I T  
220 I T  -
50 IT 
100 I T  
150 IT 
200 I T  
220 I T  -
1 SPECIMEN NO. s-T975 SPECIMEN NO. S-T976 SPECIMEN NO. S-T977 SPECIMEN NO. S-T978 SPECIMEN NO. S-T979 INDUCED CUMP LOAD 
Newtons 1 (Pounds) 1 Newtons I (Pounds) I Newtons I (Pounds 
CYCLE #l 11 CYCLE bl  11 CYCLE #I 
I II I II I v 
770 3 560 800 
2,040 9 210 2,070 
3,100 13 660 3,070 
4,410 19 220 4,320 
5,280 22 400 5.035 
CYCLE #2 CYCLE 12 CYCLE #2 
I I I 
14 750 1 3,315 16 390 1 3;685 ' 15 830 1 3;560 
CYCLE 15 CYCLE 1 5  CYCLE 05 
1 960 440 2 000' 450 1 9 1 0  430 
5 520 1,240 5 960 1,340 5 650 1,270 
8 630 1,940 9 120 2,050 8 720 1,960 
12 050 2,710 13 610 3,060 12 770 2,870 
15 570 3,500 16 390 3.685 15 570 3.500 
CYCLE 16 CYCLE #6 CYCLE 16 
1 780 400 420 
5 430 1,220 g ,"6: 1 1,:; ::: 1 1,250 
8 580 1,930 9 210 2,070 8 580 1,930 
11 970 2,690 13 790 3,100 12 500 2,810 
14 750 3,315 16 900 3.800 15 300 3.440 
CYCLE 110 11 CYCLE C10 11 CYCLE #lo 
I II I 11 I 
::: I 370 1 1 380 I 310 1 1 470 1 330 1,12 B 580 1,030 4 760 1,070 7 830 1.760 7 210 1.620 7 470 1.680 
10 590 2;380 10 990 2;470 
13 660 I 3,070 :: :"," I giii: [ 13 120 I 2,950 
CYCLE #11 CYCLE #11 I CYCLE 111 
I I I 
1 560 350 300 1 420 320 
4 580 1,030 4 630 1,WO 4 :5! I 1,030 7 070 1,590 ,630 7 610 1,710 
10 230 2.300 10 500 2,360 10 590 2,380 
12 830 2,885 13 120 2,950 13 120 2,950 
CYCLE 115 CYCLE #15 CYCLE b15 
1 330 300 I 380 310 1 250 280 
4 180 940 4 540 1,020 4 230 950 
6 U O  1,440 7 120 1,600 6 630 1,490 
9 560 2,150 10 320 2,320 9 920 2,230 
11 740 2,640 12 570 2,825 12 280 2.760 
3 250 730 3 200 720 
9 300 2,090 8 980 2,020 
14 500 3,260 13 660 3,070 
19 660 4,420 19 130 4,300 
22 690 5,100 23 220 5,220 
CYCLE #2 CYCLE #2 
2 270 510 2 580 580 
6 230 1,400 7 920 1,780 
9 740 2,190 11 880 2,670 
14 100 3,170 16 950 3,810 
16 900 3,800 20 190 4,540 
CYCLE #3 CYCLE 93 
1 
2 140 480 1 550 I 6 000 1.350 1,660 9 610 2,160 11 700 2,630 14 060 3,160 15 790 3,550 16 680 3,750 18 860 4,240 CYCLE (4 LYCLE p 
j 2;850 I 12 680 14 230 3;220 
15 300 3,440 17 210 3,870 
CYCLE #5 CYCLE #5 
730 I 390 n 270 I 510 
CYCLE 86 I CYCLE 16 
13 660 I 3.070 16 100 I 
CYCLE #lo CYCLE #lo 
4 310 5 290 1,190 
6 670 1,500 8 630 1,940 
9 920 2,230 12 450 2,800 
12 010 2,700 15 030 3,380 
CYCLE PI11 CYCLE #11 
12 010 1 2,70011 14 460 I 3,250 
CYCLE #15 1 CYCLE #15 
1 1101 ,:::I 1 250 1 ,280 
3 780 4 710 1,060 
5 830 1,310 7 290 1,640 
8 760 1,970 11 030 2,480 
10 680 2 400 13 920 3 130 
'IT' denotes instal la t ion torque. 
Bolt-rmt assembly tested in  Transducer Control. 1-d cel l .  
frm Moaeley Autograf Recmder. 
Tensile clamp load determined frm X-Y curve 
MS 21250 Series bol ts  torqued with 12-point socket. 
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TABLE NO. I M 5 
BBSDLTS OF 15-CycLg INSTALLATION TORQUE-TENSION TESTS OF MS 21250 SBRIES 
gxTBRNIu. W C X I M G  HEAD ALLOY STEEL BOLTS LINDW 3' BENDING CONDITIONS 
DESIGN CWLW LOAD: 24 020 Newtons (5,400 Pounds) CONDIT1m: TORQUE FRM BOLT €BAD 
Bolt Part  No.: MS 2125044024 Rut Part  No.: H23X4 
Thread Size: 1/4-28 m ~ p - 3 ~  Nut Mater ia l :  AMS 6304 STEEL 
Bolt Mnterinl:  8740 STEEL Nut F in ish :  CADMIUM PLATE, TYPE 11, CLASS 3, QQ-P-416 
Bolt F in ish :  CADXIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 Washer Part  NO. : 3 O  HARDENED WASHEX UNDER BOLT HEAD 
Bolt S p e c i f i c a t i o n .  MIL-B-8831 Hole Size: 6.452 mm ( 0.2% i n . )  
SPECIMEN N0.S-7980 SPECIMEN NO.S-T981 SPECIMEN NO.S-Tg82 SPECIMEN NO. SPECIMEN NO. TOROUE 
I , I  - 
Nm ( i n - l b f )  Newtons 1 (Pounds 
I CYCLE #1 1 3 650 5.651 50 IT 1 820 
11.30 100 I T  10 190 2,290 
16.95 150 IT 16 550 3,720 
22.60 200 IT 22 860 5,140 
24.86 220 IT 27 OPO 6,080 
CYCLE 42 I 2 580 5.651 50 I T  580 
11.30 1 0 0 I T  8 320 1,870 
16.95 150 I T  13 210 2,970 
22.60 200 IT 19 350 4,350 
24.86 2 2 0 I T  22 950 5,160 
CYCLE #3 I 2 220 1 l:ig 5.651 50 I T  11.30 100 IT 7 5  
16.95 150 IT 12 010 2,700 
22.60 200 IT 17 840 4,010 
24.86 220 I T  21 310 4 790 
CYCLE 14 
5.65 50 IT 1 820 410 
11.30 100 IT 6 360 1,430 
16.95 150 IT 11 030 2,480 
22.60 200 IT 15 300 3,480 




lL6 36  1 1::;     ,    ,  I 1 650 
5:651 
50 IT -370 
11.30 100 IT 5 830 1,310 
16.95 1 5 0 I T  9 430 2,120 
22.60 200IT 13 970 3,140 
24 86 220IT 16 680 3 750 
CYCLE #6 
CYCLE #11 
11.30 l 0 0 I T  3 560 
16.95 1501T 5 780 1,300 
22.60 200IT 9 070 2,040 
24.86 2201T 11 480 2,580 
CYCLE 115 1 930 1 ;;; 5.651 5 0 I T  11.30 1001T 3 20
16.95 1501T 5 380 1,210 
22.60 ZOOIT 7 870 1,770 
24.86 220IT 9 560 2,150 
INDUCED CLAW LOAD 
Newton8 (Pounds) Newtons (Pounds) Newtons (Pounds 
CYCLE 11 n CYCLE #I I CYCLE #1 
I 0 I I I 
25 130 I 5;650 25 130 I 5;650 
CYCLE #2 CYCLE 112 CYCLE 12  
2 850 640 2 850 640 I 
7 870 1,770 8 270 1,860 
12 280 2,760 12 720 2,860 
17 080 3,840 18 410 4,140 
20 770 4,670 22 130 4,975 
CYCLE 1 3  11 CYCLE 1 3  CYCLE #3 
2 490 
1 5  920 1 5  350 
1 690 380 1 470 330 
5 560 1,250 5 070 1,140 
8 760 1,970 8 050 1,810 
13 030 2,930 11 920 2,680 
15 830 3.560 15 300 3.440 
CYCLE 16 /I CYCLE 16 CYCLE 16 
I II I It I 1 1 1601 ,:%; I 1 1 560 1 350 5 200 1,170 4 310 
8 410 1,890 6 850 1,540 
12 410 2,790 10 320 2,320 
1 5  030 3,380 13 660 3 070 
CYCLE #10 CYCLE #lo CYCLE #lo 
Newtons P nd6 77 
CYCLE #2 I 
CYCLE 83  
_i__ 
CYCLE #4 
CYCLE #5 I CYCLE 16 I 
CYCLE #10 
I 
CYCLE #ll 7- CYCLE ill 
'IT' denote. i n s t a l l . t i w  torque. 
f r a a n o s e l e y  Autograf =corder. 
Bolt-nut assembly t e s t e d  Ln han8ducer  Controls l oad  c e l l .  Tens i le  clamp load determined from X-Y curve 



































TABLE NO. I N 1 
RESULTS OF 15-CYCLE INSTALLATION T~QUE-TENSIC~N TESTS OF MS 21250 SERIES 
Wl'ERNAL mNCHING HEAD ALLOY STEEL BOLTS WITH MIL-T-5544 LUBRICANT 
TEST CONDITION: TORQUE F R M  NUT DBSIGls MElp LOAD: 24 020 Newtons ( 5,400 Pounds) 
Bolt Part No. : MS 21250-04012 Nut Part No.: H23-4 
Bolt Material: 8740 STEEL Nut Finish: DRY FILM LUBE OVER CAmIm PLATE 
Bolt Finish: CADMIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt SpecificatLon: MIL-8-8831 Hole Sire: 6.452 mm ( 0,254 in.) 
Thread Sire: 1/4-28 UNJF-3A Nut Materiel: AMs 6304 STEEL 
Washer Part NO.: MS 20002C4 6 MS 20002-4 
SPECIMEN NO. S-T983 SPECIMEN NO. S-T984 SPECIMEN NO. S-T985 SPECIMEN N0.S-T986 SPECIMEN NO. S-T987 I
i f  













INDUCED C W  L 
Newtons I (Pounds) 11 Newtons I (Pounds) I Newtons 
11 CYCLE 21 1 CYCLE 



























4 450 1,000 
9 390 1 2,110 
14 320 3,220 






















24 020 24 290 5,460 
CYCLE 22 CYCLE 12 11 CYCLE 
1,E 1 : E 











3;880 16 860 31790 17 530 












































4 14U Y X J  3 690 830 
8 180 1,840 8' 1 1,::; 7 920 1,780 
12 940 2.910 12 140 2,730 12 190 2,740 
17 260 3.880 16 190 3,640 16 320 3,670 
21 570 4,850 20 460 4.600 20 730 4,660 
CYCLE #5 CYCLE #5 CYCLE 15 
3 870 870 3 690 830 3 690 830 
8 050 1.810 7 700 1,730 7 920 1,780 
12 450 2.800 11 610 2,610 12 190 2,740 
16 720 3,760 15 480 3,480 16 320 3,670 
21 020 4,725 19 660 4.420 20 730 4,660 
3 870 870 
8 230 1 1,:: 
12 630 2,840 
17 040 3,830 
21 570 
CYCLE #6 11 CYCLE 
I II 
11 CYCLE 26 CYCLE 26 
1 
CYCLE 16 
3 690 830 
i 960 I 1.190 
12 320 2.770 1 870 I - 3 870 8 360 1,880 21 810 2,880 11 790 17 120 3.850 15 830 21 570 4,850 19 930 CYCLE #IO 3 550 800 8 180 1 1,840 12 680 2.850 16 580 3 -50 21 020 I 4:125 CYCLE 210 17 l i 9  31860 21 800 I 4.900 vCYCLE 210 
4 000 3 420 




3 560 800 
7 i80 1,750 
11 920 2,580 
16 060 3,610 

























8 W  1 2 i;: 1 700 1,640 1,530 
2,510 10 500 2,360 
3,160 14 140 3,180 
4,235 18 010 4,050 
'IT' denotes instellation torque. 
Bolt-nut assembly tested in Transducer Controls load cell. 
Indicator. 823 Series nuts torqued with 12-point socket. 
Tensile clamp load determined frm RBI Strain 
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TABLE NO. I N 2 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TKNSION TESTS OF MS 21250 SERIES 
EXTERNAL WRENCHING HEAD ALLOY STEEL BOLTS WITH MIL-T-5544 LUBRICANT 
TEST CUiDITION: TORQUE BOLT HEAD DESIGN CLWP LMD: 24 020 Newton. ( 5,400 Pounds) 
Bolt  Par t  No. : MS 21250-04012 Nut Part  No. : N23-4 
Thread Size:  1/4-28 DNJF-3A Nut Mater ia l :  AMs 6304 STEEL 
Bolt Mater ia l :  8740 STEEL Nut F in ish :  DRY FILM LUBE OVER CADMIUM PLATE 
Bolt Finish: CADMIUM PLILTE, 99-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion :  MIL-B-8831 Hole Size: 6.452 mm (0.254 in.) 
Washer Par t  No.: MS 20002C4 6 MS 20002-4 
SPECIMEN NO. S-T988 SPECIMEN NO. S-T989 SPECIMEN NO. S-T990 SPEClMEN NO. S-T991 SPECIMEN NO. S-T992 TORQUE 
I/ INDUCED CLAMP LOAD 




14 010 3,150 
CYCLE 12 
CYCLE #4 
CYCLE 1 5  
Li i i  50 25 IT ~1 8 900 2,000 
75 IT 13 300 2,990 
11.30 100 IT 17 880 4,020 
14.12 125 IT 23 490 5 280 
CYCLE M 
11 30 IOOIT 17 880 4,020 
14:121 125 IT tI 23 490 1 5:280 
11 CYCLE #IO I I 
11 30 IOOIT 16 720 I 3;760 
14:121 125IT 11 22 130 4.975 
Nevtons I (Pounds) 1 Nevtons I (Pounds 
CYCLE 11 n CYCLE 11 
I I 
4 310 
23 220 I 51220 11 24 020 I 51400 
CYCLE 114 CYCLE #4 
8 540 1,920 8 940 2,010 
1 3  030 2,930 13 570 3,050 
17 390 3,910 18 370 4,130 
22 950 5,160 23 290 5,460 














CYCLE #I 1 CYCLE d l  
4 450 1.000 4 580 1.030 
9 070 2,040 9 210 2,070 
13 790 3,100 13 830 3,110 
18 500 4,160 18 550 4,170 
24 290 5,460 23 750 5,340 
CYCLE 12 CYCLE X2 
4 310 970 4 310 970 
8 670 1.950 8 810 1,980 
13 170 2,960 13 200 2,980 
I7  750 3,990 l i  840 4,010 
23 490 5,280 22 950 5.160 
CYCLE 113 CYCLE #3 
1 
4 23'1 950 
8 410 1 1,890 
12 770 2.870 ,! ii I ;:%:I 
4 000 
CYCLE 110 0 CYCLE 
1 
1;: 1 ;;: 3 6901 7 960 1,790 12 230 2,750 11 830 16 320 3,670 1 5  920 21 800 4,900 21 020 CYCLE #15 CYCLE 3 560 3 420
7 740 1.740 7 430 
1 5  920 3,580 1 5  390 
21 310 4,790 20 460 




















T * ' I T '  denotes i a a t a l l a t i o n  torque. 
21 Bolt-nut assembly t e s t e d  in Transducer Controls load cell. 
Indica tor .  
Tensile clamp load determined from RBI S t r a i n  . 
MS 21250 Series b o l t s  torqued with 12-point socket. 
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TABLE NO. I N 3 
RESULTS OF 15-CYLzE INSTALLATION TORQUE-TBIYSION TESTS OF MS 21250 SERIES 
E]ppBBNAL WRBNCBING BEAD W O Y  STEEL BOLTS WITH MIL.-T-5544 SERIES 
TEST CONDITION: T ~ R ~ W  DESIGN Cwne LMD: 24 020 Newtons (5,400 Pounds) 
Bolt Par t  No. : MS 21250-04012 Nut Part  NO. : 1323x4 
Thread Size: 1/4-28 m m - 3 ~  
Bolt Mater ia l :  8740 STEEL Nut F in ish :  CAU4IUM PLATE, TYPE 11, CLASS 3 ,  QQ-P-416 
Nut Kater ia l :  AMs 6304 STEEL 
Bolt  F in ish :  CADMIUM PLATE, Q Q - P - ~ I ~ ,  TYPE 11, CLASS 3 
Bolt  SpeCificatlOn: MIL-B-8831 Hole Size: 6 452 m ( 0.254 in . )  



















































: i n - l b f )  
25 IT 
50 IT 











100 I T  
125 I T  -








100 I T  




















125 I T  -
SPECIMEN NO. S-T99 






































CYCLE #4  
4 310 970 
9 070 1 2,040 
13 790 3.100 
18 460 4.150 










































CYCLE #2 I CYCLE #2 A CYCLE #2 
4 450 1 ooo 4 110 970 
CYCLE #3 
CYCLE C5 
13 880 3,120 






‘IT’ denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  i n  Transducer Controls load c e l l .  
Ind ica tor .  H23 Series nuts  torqued wi th  12-point smket. 
Tens i le  clamp load determined frw RBI S t r a i n  
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TABLE NO. I N 4 
RBSULTS OF 15-CY- INSTALLATION TORQUE-TENSIrn TESTS OF MS 21250 SERIES 
EXTEHNAL WRENCHING HEAD ALLOY STEEL BOLTS WITH MIL-T-5544 LUBHICAWC 
DESIGN CLAMP LMD: 24 020 Newtons ( 5,400 Pounds) TEST CONDITION: 
Bolt  Part  No.: MS 21250-04012 Nut Par t  No.: H23X4 
Thread Size: 1/4-28 mJF-3A 
Bolt Mater ia l :  8740 smm 
Bolt F in ish :  CAIMIUM PLATE, QQ-P-416, W E  11, CLASS 3 
TORQUE FROM B W  HEAD 
Nut Mater ia l :  AMs 6304 STEPL 
Nut F in ish :  CADMIUM PLATE, TYPE 11, CLASS 3 ,  q9-P-416 
Washer Par t  NO.: MS 20002C4 6 MS 20002-4 
















































E SPECIMEN NO. S-T99611 SPECIMEN NO. S-T997 SPECIMEN NO. S-T998 SPECIMEN NO. SPECIMEN NO. 
i l  INDUCED 
( i n - l b f )  Newtons I (Pounds) ' Newtons I (Pounds 
CYCLE #I CYCLE # l  
I I 
25 I T  4 310 970 4 580 1,030 
50 IT 9 120 2,050 9 160 2,060 
75 IT I3 830 3,110 13 790 3,100 
100 IT 18 590 4,180 18 330 4,120 
125 IT 24 290 5,460 24 020 5,400 
CYCLE #2 . CYCLE 12  
I I 
25 I T  4 450 1,000 4 450 1,000 
50 I1 9 210 2,070 8 980 2,020 
75 IT 14 010 3,150 13 430 3,020 
100 IT 18 680 4,200 17 840 4,010 
125 IT 24 580 5,525 23 750 5,340 
CYCLE #3 CYCLE (3 
25 I T  
50 IT 
75 IT 
100 I T  
125 IT 
25 I T  
50 I T  
75 I T  
100 IT 
125 IT 
1 900 25 I T  I 4 000 1 4 000 1 ,900 50 IT 8 140 1,830 8 360 1,880 75 IT 12 450 2,800 12 850 2,890 100 I T  16 770 3 770 1 7  350 3,900 125 IT 22 130 4,975 22 680 5 100 CYCLE 16 CYCLE 1 6  
1 900 
25 IT I 4 000 I 4 000 900 
50 IT 8 320 1.870 8 580 1.930 
75 IT 12 680 2,850 13 260 2,980 
100 IT 16 950 3,810 17 790 4 . W  
125 IT 22 400 5,035 23 490 5.280 
CYCLE 110 CYCLE 110 
100 IT 16 950 3;810 1 7  260 3i880 
125 IT 11 22 400 I 5,035 22 680 I 5,100 
CYCLE 111 CYCLE C11 








1 R  150 4,080 
23 750 








- ? j ' I T '  denotes i n s t a l l a t i o n  torque. 
y Bolt-nut assembly t e s t e d  in Transducer Controls load c e l l .  Tensile c l a m  load determined f r m  RBI S t r a i n  -
Indica tor .  Ms 21250 Series b o l t s  torqued with 12-point socket. 
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TABLE NO. I N 5 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF NS 21250 SERIES 
EXTERNAL WRENCHING HEAD ALLOY STEEL BOLTS DIPPED I N  MIL-P-8585 WET Z I N C  CARMATE 
DESIGn CIWP LMD: 24 020 Newtons ( 5,400 Pounds) 
Nut Mater ia l :  A I ~ S  6304 STEEL 
Washer Par t  No.: HS 20002c4 & HS 20002-4 
TEST CONDITION: TORQUE FRCM NUT 
Bolt Part  NO.: NS 21250-04012 Nut Par t  No.: H23-4 
Thread Size :  1/4-28 UNJF-3A 
Bolt Mater ia l :  8740 STEEL Nut Finish: DRY F m  LUBE OVER CAMIUM PLATE 
Bolt Finish: CADMIUM PLATE, 94-P-416, TYPE 11, CLASS 3 




















































I /  
[ i c - l b f )  
25 I T  
50 I T  
75 IT 







25 I T  
50 IT 
75 IT 
100 I T  




























75 I T  
100 IT 
125 IT 
SPECIHEN NO. S-T9991 S P E C W  NOS-TlOOO1 SPECINEN NOS-TlOOl] SPECIMEN NOS-T1002 1 SPECIHEN N0.S-T100 
INDUCED 
Newtons I (Pounds) 1 Newtons I (Pounds 
CYCLE # l  1 CYCLE # l  
25 020 I 5;625 11 24 060 I 5;410 
CYCLE 1 3  n CYCLE 13 
I n ; ;:: 1 jjg;; 1 4 540 1 1.020 
9 300 2,090 
14 010 3,150 14 140 3,180 
18 820 4,230 19 040 4,280 
23 950 23 950 5,385 
CYCLE #4 CYCLE #4 
23 750 I 5,340 22 640 I 5;WO 
CYCLE #5 CYCLE 1 5  
4 450 1,000 4 090 920 
9 120 2.050 8 320 1,870 
13 880 3.120 12 540 2,820 
18 680 4,200 16 860 3,790 
23 890 5,370 21 350 4.800 
CYCLE #6 CYCLE 1 6  
4 450 1,000 3 690 830 
9 120 2,050 7 520 1,690 
13 880 3.120 11 430 2,570 
18 770 4,220 15 390 3,460 
23 930 5,380 20 280 4,560 
I I 
CYCLE # l o  CYCLE #10 
3 420 ~ ;I: 3 380 ~ 16 
~ 
6 940 1,560 7 120 1,600 
10 450 2,350 10 810 2,430 
13 970 3,140 14 630 3,290 
1 7  570 3,950 18 440 4,145 
11  47  
6 720 1,510 7 250 1,630 
10 320 2,320 11 080 2,490 
14 010 3,150 14 900 3,350 
17 790 4,000 18 820 4,230 
CYCLE C15 CYCLE 115 
CYCLE 111 CYCLE ?11 
2 800 1 630 I 1 570 
6 180 1,390 1,270 
9 560 2,150 8 670 1,950 
12 810 2,880 11 740 2,640 
16 410 3,690 14 830 3,335 
W LOAD 
Newtons I (Pounds 
-=?---- 
CYCLE #2 
::: 1 1,050 
2,160 
14 540 3,270 
19 480 4,380 
24 460 5,500 
 
CYCLE a3  
4 580 1.030 
9 210 1 2 , 0 7 0  
1 4  010 3,150 
18 680 4.200 





CYCLE # l o  
CYCLE #15 
CYCLE #I 
CYCLE #2 v 
CYCLE #3 
 
4 140 930 
8 900 1 2.000 
13 741) 3,090 
18 590 4.180 






CYCLE ?15 - 
iewtons I (Pounds) 
CYCLE # l  
1 
23 530 I 5;29Q 
CYCLE 12 
18 010 4,050 :: :z I ::::: 
CYCLE i 3  
1 
4 310 970 
8 630 1 1,940 
13 030 2,930 
1 7  440 3.920 
2 1  930 ! 41930 
CYCLE fffi 










"IT' denote. i n s t a l l a t i o n  torque. 
Bolt-nut aasenbly t e s t e d  i n  Transducer Controls load c e l l .  
frm Honeley Autograf Becorder. IU3 Seriea n u t s  torqued wi th  12-point aocket. 
Tens i le  clamp load determined from X-Y curve 
248 
\ 
TABLE NO. I N 6 
BBSULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF MS 21250 SERIES 
WBSNCHING HEAD ALLOY S T E 8 1  BOLTS DIPPED I N  MIL-P-8585 WET ZINC ClIROMATE 
DESIGN Mw LOAD: 24 020 Newtons ( 5,400 Pounds) 
Nut m t e r i a l :  AMS 6304 STEEL 
Washer Part  NO.:  MS 20002~4 h MS 20002-4 
TEST CONMIION: 
Bolt Part  No.: HS 21250-04012 Nut Par t  No.  : H23-4 
Thread S h e :  1/4-28 m - 3 ~  
Bolt Mater ia l :  8740 STE= Nut Finish: DRY FILM LUBE OVER CADMIUM PLATE 
TOBQITB FRQ4 BOLT HEAD 
Bolt F in ish :  WIUM PLATE, q-P-416, TYPE 11, CLASS 3 
















































25 I T  4 450 1,000 4 890 1,100 4 670 1,050 
50 I T  9 300 2,090 9 700 2,180 9 250 2,080 
75 I T  14 190 3,190 14 770 3,320 1 3  920 3,130 
100 I T  19 260 4,330 19 620 4,140 18 590 4,180 
125 I T  24 400 1 5,485 24 80: 1 5,575 23 930 5,380 
, CYCLE 12 CYCL 12 CYCLE 
I I 
25 I T  4 310 
100 I T  18 590 






1 000 4 450 
2i050 j/ 8 940 
3,150 13 430 
4.200 18 100 
10 11 23 620 I 51310 1 23 220 














25 I T  3 780 850 4 000 1 900 3 870 870 
50 I T  7 960 1,790 8 500 1,910 8 310 1,870 
75 I T  12 320 2,770 12 940 2,910 12 810 2,880 
100 I T  16 640 3,740 17 570 3,950 1 7  350 3,900 
125 I T  21 080 4,740 22 130 4,975 22 370 5,030 
CYCLE #5 CYCLE 15 CYCLE 1 5  
25 I T  3 340 750 3 780 850 3 560 800 
50 I T  7 160 1,610 7 780 1,750 7 470 1,680 
75 I T  11 080 2,490 11 970 2,690 11 520 2,590 
100 I T  15 030 3,380 16 100 3,620 15 790 3,550 
125 I T  19 130 4,300 20 550 4,620 20 280 4,560 
11 CYCLE 16 11 CYCLE #6 II CYCLE 
25 I T  I 3 110 1 700 I 3 560 , , ~ ~ ~  I 3 340 
50 I T  6 890 1,550 7 610 1,710 7 210 
75 I T  10 760 2,420 11 790 11 250 
100 I T  14 680 3,300 15 920 3,580 15 080 
125 I T  18 680 4.200 20 220 4,545 19 700 
CYCLE 110 CYCLE 110 CYCLE 
1 2 800 25 I T  1 2 670 1 600 1 630 I 2 670 
50 I T  5 920 1,330 6 090 1,370 6 050 
75 I T  9 210 2,070 9 560 2,150 9 520 
100 I T  12 450 2,800 13 030 2,930 12 850 

























Newtone I (Pounds) Newtons I (Pounds1 
CYCLE #1 CYCLE #1 
1 n 1 
4 760 1.070 4 450 1,000 
9 650 2.170 9 160 2,060 
14 140 3,180 14 100 3,170 
19 480 4,380 18 990 4,270 
24 660 5,545 24 114 5,420 
1 1 
CYCLE I 2  CYCLE 12 
‘+E I i::O 1 1.000 2, 5  14 230 3,200 14 190 3,190 18 860 4,240 19 130 4,300 24 150 5,430 24 170 5.435 4 9 450 12  CYCLE 1 3  CYCLE #3 
CYCLE #4 
4 310 
9 030 1 2,030 1 8 360 1 
::E81 
13 970 3.140 12 900 2,900 
18 730 4.210 1 7  480 3.930 
23 910 5,375 22 440 
3 780 I ,850 I 1 . I30 8 100 1,820 1,780 12 450 2,800 12 320 2,770 16 860 3,790 16 640 3,740 21 570 4 840 21 240 4 775 
: 1 1.:;: I : ;:I 1,:; 
10 270 2.310 10 230 2.300 
NOTES: 
‘ I T ’  denotes i n a t a l l a t i o n  torque. 































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































8 8  
8 8  
a 3 d  
d d  
5 : t :  
/S-S121 I AS180-04012 




!S-S124 ; I 1  
I 
I b  
I t  
S-S126 f AS180-04024 




S 4 1 4 1 ,  AS180-08024 i 
:s-s142 : 
S-Sl43 ! 11 
/S-S128 ' I1 
It  
I f  
I I  






I I  , S-S153 
I t  S-S155 f 
I 
\ 
1 1/4-28 6.320 .2488j 45 900 I 10,320 1 731..5 
6.320, .248%; 46 440 , 10,440 ; 739.8 
6.294, ,2478 45 810 ' 10,300 736.4 
6.2991 ,248Oi 45 990 ; 10,340 737.7 




I I  
i i 
i 
1/2-20 '12.621 0.4969\174 360 39,200 I 697.1 
12.670: .49881175 250 , 39,400 I 699.0 
I t  '12.6641 ,4978,172 580 




.4990 1 7 1  690 
.4982 172 580 
.4980' 173 030 
.49at1 1 7 3  920 
~~~~ 
T W U  NO, IIC 
RESULTS OF DOUBLE SHEAR STRENGTH TESTS OF ALLEN 
SPLUE DRIVE HEAD ALLOY STEEL 180 KSI SERIES BOLTS 0 
NCltGS : 
I_- 
Allen Spline Drive external wrenching head b o l t  fabricated fr 
w i t h  cedmium plate  f in iah per QQ-P-416, Type 11, Class 3. 
per Spec. MU-B-8831 (ASG). 
Double shear teetr performed on boltra previously subjected t o  tenei le  strength evalw 











38,800 1 687,4 
37,900 670.9 
39,100 I 692.9 
37,800 i 668.1 
38,600 680.5 
38,800 : 686.0 
38,900 i 688.8 

















































































































































































































































































































































































































































































































































































































T A B U  SOo IIE 
RESULTS OF ELONGATION AND REDUCTION OF AREA TESTS 
OF AS 180 SERIES ALLOY STEEL BOLTS 
c 
0 















































I !  
___l___--*_l-- 
EI.OMGATION 
I n  4 Dfos 
V, 
































- 1/ Test specimen incorporating reduced gage sec t ion  machined i n  
b o l t  ehank area from Al len  S p l i n e  Drive Head bolt  fabricated 














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE NO. I1 H 1 
RESULTS OP 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OP 
ALLEN SPLINE DRIVE Hwu) ALLOY STEEL BOLTS 
TEST CONDITION: TORQUE FRon m DESIGN MHP LOAD: 24 020 Newton8 ( 5,400 Pounds) 
Bolt Par t  No. : AS180-04012 Nut Par t  No.: ALLEN AERONUI 
Thread Size :  1/4-28 m n - 3  Nut Material:  STEEL 
Bolt  Mater ia l :  8740 STEEL Nut Finish: BARE 
Bolt F in ish :  CAIMILIM PLATE, Q9-P-416, TYPE 11, CLASS 3 
Bolt  Spec i f ica t ion .  ALLEN we. co., smc. Hole Size: 6.452 mm ( 0.254 in.) 





















































100 I T  
150 I T  
200 I T  
230 I T  -
50 IT 
100 I T  
150 I T  
200 I T  
230 I T  -
50 IT 



















SPECIMEN N0.S-T112 SPECIMEN N0.S-T11 
INDUCED 
Newtons 1 (Pounds 
CYCLE I1 
2 450 550 
8 230 1,850 
12 590 2,830 
17 970 4,040 
21 440 4.820 
CYCLE #2 
CYCLE #6 - 





CYCLE #15 -r 
Newtons I (Pounds 
CYCLE C1  
2 760 620 
9 340 I 2,100 
14 630 3.290 
19 440 4;370 




3 020 680 
6 630 1 1,490 
12 720 2,860 
20 280 4.560 

































4 ?:: I 930 
8 810 1.980 
13 480 3;OU) 
1 5  350 I 3,450 
CYCLE #15 
~~~ 
SPECIXEN N0.S-T1131 SPECIMEN N0.S-T1132 SPECIMEN N0.S-T1133 
IMP LOAD 
Newtons I (Pounds) 1 Newtons I (Pound$ 
CYCLE C1 I CYCLE #1 
I I I 1 2 760 2 670 ::: ! ::.? 8 720 1,960 8 760 1,970 13 120 2,950 13 390 3,010 18 330 4,120 18 680 4,200 22 110 4,970 23 040 5,180 2 490 2 360 CYCLE I2 CYCLE #2 
CYCLE B3 1 CYCLE 63 
I I 
4 710 1,060 6 090 1,370 
8 140 1 1,830 1 9 740 1 2,190 
12 540 2,820 14 280 3,210 
15 880 3.570 18 100 4,070 
CYCLE 15 11 CYCLE 1 5  
I II I 
1 070 1 i: 1 200 1 ,270 
4 400 4 710 1,060 
7 610 1,710 7 830 1,760 
11 880 2,670 11 920 2,680 
1 5  170 3,410 15 030 3 380 
13 480 1 3;030 1 
CYCLE #15 n CYCLE #15 
CYCLE I1 
CYCLE 1 2  
2 inn u n  .. . ~ ... 
CYCLE 13 
12 720 2,860 
16 900 3,800 
CYCLE #4 
I 
1 600 I 360 
4 450 1,000 
7 340 1 1,650 
11 390 2,560 









'IT' denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  i n  Transducer Controls load c e l l .  
Ind ica tor .  
Tenaile clamp load determined frm RBI S t r a i n  
Allen Aeronuts torqued with s p e c i a l  Allen Spline Socket. 
, 
TABLE NO. I1 K 2 
RESULTS CIP 15-CYU.E INSTALLATION 'TORQUE-TENSION TESTS OP 
ALLEN SPLINE DXIW gBBD ALLOY STEEL BOLTS 
TEST CONOITION: TWm PBQl DESIGN CLAMP LOAD: 24 020 Newtons ( 5,400 Pounds) 
Bolt Part No.: AS180-04012 
Thread Size: 1/4-28 m-3~ Nut Material: STEEL 
Bolt Material: 8740 STEBL Nut F i n i s h :  DKY FILM LUBE OVER CADMIUM PUTE 
Bolt F i n i s h :  CADHIUM PLATE, QQ-P-416, TYDB 11, a s s  3 
Bolt SpecifIcatlon. ALLEN MFG. CO., SPEC. Hole Size: 6.452 nm ( 0.254 in.) 
Nut Part No. : ALLEN A B R m  
Washer Part No.: Ms 20002C4 6 MS 20002-4 
5.65 50 I T  250 1 160 260 
11.30 100 
I T  2 1 1,130 4 850 1,090 16.95 150  2,230 10 100 2,270 
22.60 200 I T  18 190 4,090 17 700 3,980 
25.42 225 I T  23 890 5,370 23 090 5,190 
CYCLE 1'14 CYCLE 114 
1 110 1 (1 I T  5 030 I  % 11   ,  
_. 
~ . .  . - JO 
;  1 1) ;3 s 1  090 ,  
 '  I  
~ CYCLE #6 CYCLE 16 
5.65 50 IT  1 110 250 1 4 2 0  320 
11.30 100 I T  4 670 1,050 4 890 1,100 
16.95 150 I T  10 360 2,330 9 830 2,210 
22.60 200 I T  15 830 3,560 15 170 3,410 
25.42 225 I T  23 710 5,330 22 510 5,060 
CYCLE #lo CYCLE #lo 
5.65 50 I T  1 110 250 1 650 370 
11.30 100 I T  4 940 1,110 4 800 1,080 
16.95 150 I T  10 010 2,250 9 210 2,070 
22.60 200 I T  15 390 3,460 14 680 3,300 
25.42 225 I T  22 600 5,080 20 770 4,670 










50 I T  360 
14 100 3.170 
LHP LOAD 
Newtons (Pounds) Newtons (Pounds 
CYCLE I1 I CYCLE d l  
I I I 
1 1 020 1 1 070 1 240 230 
6 140 1,380 6 410 1,440 
11 520 2.590 11 300 2,540 
1 7  660 3,970 17 260 3,880 
24 510 5,510 23 440 5,270 
CYCLE 03 CYCLE 13 
CYCLE $4 CYCLE 14 
I I I 
1 730 1 
4 760 1,070 5 120 1,150 
9 960 2.240 9 830 2.210 
390 I 1 1101 250 
18 190 4;090 15 570 3;500 
24 820 5,580 22 820 5,130 
CYCLE 15 CYCLE 15 
4 940 1,110 5 070 1,140 
10 810 2,430 9 830 2,210 
18 770 4,220 15 750 3,540 
25 350 5 700 22 330 5 020 
CYCLE 116 CYCLE #6 I 1 2001 l.U: 2 540 1 ,570 6 090 1,370 4 76  12 680 2,850 9 650 2117b 21 170 4.760 15 480 3,480 27 040 6 08  22 150 4 980 
CYCLE 110 CYCLE #lo 
Newtons (Pounds) 
CYCLE #I  
CYCLE 0 






2 6 670 45 1 :,Gl 600 
12 900 2,900 
22 060 4,960 
26 510 
CYCLE #10 




7 'IT' denotes inscallation torque. 
11 Bolt-nut assembly tasted in Transducer Controls load cell.  
Indicator. Allen Aeronuta torqued with spec ia l  Allen Spline Socket. 
Tensile clamp load determined from BBI Strain 
263 
TABLE NO. I1 H 3 
RESULTS OF 15-CYCLE INSTALLATION TOBQUB-TENSION TESTS OF 
ALLEN SPLINB DRIVE BBAD ALLOY STEEL BOLTS 
TEST CONDITION: TOBQUB FRQ4 m DESIGW CLAMP LOAD: 24 020 Newtons ( 5.400 Pounds) 
Bolt Part NO.: AS180-@$012 Nut Part No. : ALLEN A B R m  
Thread Size: 1/4-28 I ~ ~ J F - X  Nut Material: STEEL 
Bolt Material: 8740  ST^ Nut Finish: CADMIEM PLATE, TYPB 11, C I A S S  3, QQ-P-416 
Bolt Finish: wj~1m.f PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Speciflcatlon. ALLEN MG. co., SPEC. Hole Sire: 6.452 mm ( 0,254 i n . )  
Washer Part NO.: MS 2000264 b MS 20002-4 

















































( i n - l b f )  
SPECIMEN N0.S-T113 SPECIMEN N0.S-T114 SPECIMEN N0.S-T114 SPECIMEN N0.S-T1142 SPECIMEN N0.S-T114 
Newtons I (Pounds) 1 Newtons I (Pounds) Newtons I (Pounds; 
i/ INDUCED CLAMP LOAD 
CYCLE I1 1 CYCLE #1 CYCLE #I 
I I 
50 I T  11 1 730 1 390 I 7601 170 1 400 1 90 100 IT 6 000 1,350 4 360 980 3 910 880 150 IT 10 630 2,390 7 870 1,770 7 340 1,650 200 I T  14 060 3.160 11 340 2.550 10 810 2.43  
300 I T  11 20 190 I 41540 11 18 9901 41290 11 18 060 I 4:060 
u CYCLE #2 
100 I1 3 780 850 3 830 1 3 580 60 1 i;: 
150 I T  6 320 1,420 6 140 1,380 5 650 1,270 
200 I T  8 810 1.980 8 540 1.920 8 100 1,820 
300 I T  15 030 3,380 14 230 3,200 14 060 3,160 
50 I T  1 1 330 1 300 I 850i iz: 
CYCLE 13 CYCLE #3 CYCLE 113 
- .  ..I ::42:   ,    ,    .    ,  
 I    ,    ,    ,  






50 I T  980 220 160 
100 IT 3 110 700 
150 IT 5 160 1,160 
200 IT 7 290 1,640 
300 IT 12 590 2.830 
CYCLE 15 CYCLE #5 
50 I T  980 220 710 160 
100 I T  2 980 670 2 850 640 
150 IT  4 890 1,100 4 980 1,120 
200 I T  6 980 1,570 6 720 1,510 
300 I T  11 740 2,640 12 230 2,750 
CYCLE M CYCLE 16 
50 I T  890 200 670 150 
100 I T  2 940 660 2 670 600 
150 I T  5 430 1,220 4 940 1,110 
200 I T  7 560 1,700 6 850 1,540 
300 I T  11 830 2,660 11 790 2,650 
CYUE #lo CYCLE #lo 
I , 
120 
3 i: I 710 
5 200 1,170 
7 380 1.660 
13 030 1 2;930 
CYCLE 114 
I 













160 :: 11 2-890 1 650 1 2 ::I k;: /j 2 % 1 640 I T  4 540 1,020 4 540 1,020 4 450 1,000 I T  6 890 1.550 6 580 1.480 6 630 1.490 
I T  11 12 230 I 2;750 11 11 5601 2;600 11 12 370 I 2;780 
CYCLE #11 11 CYCLE #11 I[ CYCLE #11 
50 IT  I - il0 I 8901 ii: ~ 850 t:: 100 I T  2 710 2 0  2 9
150 I T  4 450 1,000 4 800 1,080 4 580 1,030 
200 I T  6 630 ,1,490 6 940 1,560 6 720 1,510 
300 I T  12 320 2,770 11 300 2,540 11 650 2,620 
CYCLB 115 CYCLE #15 CYCLE 115 
50 I T  1 3 3 0  300 CALLINC GALLING 
680 15TH ClCLB 13TR CYIXB ii: :: ?:: I 1,160 
200 I T  7 290 1,640 





3 740 1 840 7 520 1.69  
11 160 I :$: 
20 770 
CYCLE 1 2  
760 170 




140 i%i 1 740 
1,270 
8 760 1.970 





2 620 590 
4 580 1,030 
11 740 2,640 
7 0301 1,580 
CYCLE 110 
 ;E/ ;g 
11 740 2,640 





Newtons I (Pounds) 
CYCLE ill 










2 Ii/ 600 16  
6 580 1.480 
1,020 
11 2501 2;530 





10 410 2,340 
’ ‘IT’ denotes instal la t ion torque. 
Bolt-nut assembly tested in Transducer Controls loed cel l .  
Indicator. 
Tensile clamp load determined f r w  RBI Strain 
Allen Aeronuts torqued with special Allen Spline Socket. 
264 
TABLE NO. I1 H 4 
RESULTS OF 15-CYCLE INNSTALLATION TORQUE-TENSION TESTS OF 
ALLRN SPLINE DRIVE HEAD ALLOY STBBL BOLTS 
TEST CCPIDITION: TORQUE FRCM BOLT HEAD 
Bolt Pert  No. : AS180-04012 
Thread Size: 1/4-28 ~ J F - U  
DESIGN M M P  LMD: 24 020 Newton. ( 5,400 Pounds) 
Nut Par t  No. : ALLEN A E X m  
Nut Mater ia l :  STEEL 
Nut F in ish :  BAR3 
Washer Pa i t  No.: MS 20002C4 h MS 20002-4 
Bolt Mater ie l :  8740 STEEL 
Bolt F in ish :  CADMIUM PLA!CE, QQ-P-416, TYPE 11, CLASS 3 


















































150 I T  










200 I T  
300 IT 
I 620 ki: I 710 160 
2 360 2 800 630 
4 360 980 5 070 1,140 
6 940 1,560 7 430 1,670 
11 740 2,640 12 010 2,700 






















I T  
IT 
I T  
IT -
IT 







I T   
- 
(I 620 ,;!: I 670 ,;;: 
2 450 2 580 
4 630 1,040 4 450 1,000 
6 450 1,450 6 630 1,490 
11 120 2 500 11 560 2 600 
CYCLE #6 CYCLE 16 











Hole Size: 6.452 mm ( 0.254 in.) 
SPECIMEN NOS-T1146 SPECIMEN NOS-T1147 SPECIMEN NO. 
U4P LOAD 
Newtons I (Pounds 
CYCLE #1 
10 270 I 




3 E I ;;: 
5 470 1.230 













































Newtons Pounds Newtons Pounds 
CYCLE I1 CYCLE I1 
6 670 1,500 
9 470 2,130 
15 750 3,540 
CYCLE #2 CYCLE 112 
CYCLE 113 ' 11 CYCLE 63 
I 11 I 
560 
4 400 990 
CYCLE #10 CYCLE # l o  
NQl'RS I 7' IT'  denotes i n s t a l l a t i o n  torque. 
9 Bolt-nut assembly t e s t e d  i n  Transducer Controls l m d  c e l l .  
Ind ica tor .  
Tensile clamp load detennined from RBI S t r a i n  
AS 180 Ser iea  b o l t s  torqued wi th  spec ia l  Allen Spline Socket. 
i 
2 6'5 
TABLE NO. I1 H 5 
RESULTS OF 15-CYCLE INSTALLATION TC&QUB-TENSION TESTS OF 
ALLEN SPLINE DRIVB WAD ALLOY STEEL BOLTS 
TEST CONDITION: 
Bolt Par t  No.: AS180-04012 
Thread Size: 1/4-28 m ~ p - 3 ~  
Bolt Mater ia l :  8740 s ~ g g ~  
Bolt F in ish :  WUlMIuM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion .  
T ~ Q U B  PBM BOLT HBAD 





11.30 1 16.95 
22.60 
1 1 3 0  

























i n - l b f )  = 
50 I T  
100 I T  
150 I T  
200 I T  
330 I T  -
50 IT 
100 I T  
150 IT 
200 IT 
330 I T  
~ 
50 IT 
100 I T  
150 IT 
200 I T  
330 IT ___ 
50 I T  
100 I T  
150 I T  
200 I T  
330 I T  -
50 I T  
100 I T  
150 IT 
200 I T  
330 IT -




330 IT __ 
50 IT 
100 I T  
150 IT 
200 IT 











SPECIMEN NOS-T1148 SPECIMEN NOS-T111 
Newtons I (Pounds) 
INDUCED 
Newtons I (Pounds 
CYCLE 11 CYCLE 11 
I I 
2 220 
7 160 I 1,;: I 1 1,: 10 850 2,440 10 990 2,470 14 410 3,240 14 810 3,330 23 040 5.180 23 440 5.270 
CYCLE #2 
4 400 3 870 
.-. 
6 450 1,450 6 270 1,410 
9 870 I 2,220 11 9 030 I 2,030 



























11 CYCLE 16 l,ii I :i! I 350 76
1,420 
1,740 9 120 2,050 





DESIGN CLAW LMD: 24 020 Newton. ( 5,400 Pounds) 
Nut Part No.: ALLEN A W m  
Nut Material:  STEEL 
Nut F in ish :  DRY FILM LUBE OVER CADMIm PLATE 
Washer Part  No.: NS 20002C4 h MS 20002-4 
Hole Size: 6.452 om (0.254 in . )  
I SPECIMEN NOS-T1150 SPECIMEN NOS-T1151 SPECIMEN NO. MP LOAD 
Newtons 1 (Pounds 
CYCLE #I  
2 400 540 
7 520 1 1,690 
11 250 2,530 
15 120 3.400 
23 620 I 5;310 




1 730 390 
4 090 920 
6 540 I 1,470 
9 740 2,190 





1 290 290 . -. . 
2 980 670 
4 850 I 1,WO 
7 290 1,640 
12 900 2.900 
I .  
CYCLE 115 
12 770 
Newtons I(Paunds) I Newtons I (Pounds) 
CYCLE 11 CYCLE 11 
10 850 2,440 
14 590 3,280 
22 950 5,160 
CYCLE 82 CYCLE #2 
1,490 
9 250 2,080 
18 640 4,190 
CYCLE 03 CYCLE 1 3  
CYCLE #4 CYCLE #4 11 I 
9 210 2;070 
17 210 3,870 
CYCLE 1 5  CYCLE #5 
1 730 390 
NOTES: 
21 
‘IT’ denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  in Transducer Control8 load c e l l .  
Ind ica tor .  
Tensile clamp load determined from RBI StrAln 
AS 180 b o l t s  torqued wi th  spec ia l  Allen Spline Socket. 
1 ’  
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TABLE NO. 11 H 6 
RESULTS OF 15-CYCLE INSTALLATION TLXtQUE-TENSION TESTS OF 
ALLwl SPJJNB DRIVE HEAD ALLOY STEEL BOLTS 
TEST C(*IOITION: TORQQUE FROH BOLT HEAD DESIGN CLAMP LOAD: 24 020 Newtone ( 5,400 Pounds) 
Bolt  Par t  No. : AS180-04012 Nut Par t  No. : ALLEN AERMvllp 
Thread Size: 1/4-28 UL~JP-U Nut Mater ia l :  STEEL 
Bolt  Mater ia l :  8740 ngm Nut Finish: CMMIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt  Finish: ~ A ~ I M  PLATE, QQ-p-416, TYPE 11, CLASS 3 
Bolt  S p e c i f i c a t i o n .  ALLEN WG. co., SPEC. Hole Size: 6.452 Orm (0.254 in . )  
Washer Per t  NO. : MS 20002C4 h MS 20002-4 
150 I T  
200 I T  
l::;i 1; :: 
16.9 150 I T  
SPECMEN ~ 0 8 - T l l 5 2  SPECIMEN ~o.S-Tl153 SPEClMEN ~0.S-Tl154 SPECIMEN NOS-T1155 SPECIMEN NO. 
Newtons (Pounds) Newtons 




CYCLE #2 CYCLE 
3 470 
4 980 1,120 6 050 
7 960 1,790 8 850 
13 830 3,110 15  260 
UCED CLAMP LOAD 
(Pounds) I Newtons 1 (Pounds) 1 Newton8 I (Pounds) 1 Newtons I (Pounds) 
11 CYCLE 81 I CYCLE I1 1 CYCLE #I 
I I I n I 
CYCLE #2 CYCLE #2 CYCLE #2 
3 560 3 870 
4 980 1.120 5 600 1,260 5 250 1,180 5 340 1,200 
12 720 I 2,860 
CYCLE #5 CYCLE 85 CYCLE #5 CYCLE 65 1 CYCLE #5 
12 500 I 2,810 I 13 520 I 3,040 12 590 I 2,830 
I I I 
" 1 
3 870 870 4 000 900 3 910 880 
12 680 2,850 13 170 2,960 12 450 2.800 12 540 2.820 
iz: I 1,:;: 11 5 380 1 1,2;0 11 340 1 1,200 I 5 200 1 1,170 I 
T I I Z '  denotes i n s t a l l a t i o n  torque. 
a Bolt-nut assembly t e s t e d  i n  Transducer Controls load c e l l .  Tens i le  clamp load determined f r m  RBI S t r a i n  
Indica tor .  AS 180 S e r i e s  b o l t s  torqued wi th  s p e c i a l  Al len  Spl ine  Socket. 
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TABLE NO. I1 H 7 
BI(SULTS OF 15-CYCLE INSTALLATION TORQUE-TEI ION TESTS OF 
ALLEN SPLINE DRIVE HEAD ALLOY STEEL BOLTS 
TEST CONUITION: ~ a ~ m  FRM DESIGN C L M P  LOAD: 24 020 Newton. ( 5,400 Pounds) 
B o l t  P a r t  No. : AS18044024 Nut P a r t  No. : ALLEN AEROW 
Thread S i z e :  1/4-28 ~ m - 3 ~  Nut M a t e r i a l :  STEEL 
Bol t  M a t e r i a l :  8740 S T E ~  Nut .F in i sh :  BARE 
B o l t  F i n i s h :  WLDNIM PLATE, ~ ~ 4 ~ 4 1 6 ,  TYPE 11, CLASS 3 Washer P a r t  No.: MS 20002C4 6 MS 20002-4 











































150 I T  I1  650 2.620 
200 I T  19 080 4,290 
265 I T  24 060 5,410 
CYCLE 1 3  
200 I T  15 260 3,430 
265 I T  11 19 350 1 &:350 
CYCLE #5 
150 IT 
200 I T  14 230 3,200 
265 I T  18 460 4 150 
CYCLE 16 
50 IT 
100 I T  
150 I T  
200 I T  
265 I T  
50 I T  
100 I T  
150 I T  
200 I T  
265 I T  
; 2: 1 1.2; 
12 100 2.720 
17 660 { 3;970 
23 490 5.280 
CYCLE #2 
CYCLE 1 3  
I 
1 600 360 
5 120 I 1,150 
10 100 2.270 
CYCLE 1 5  
14 100 3,170 
CYCLE #IO 
CYCLE #I5 I 
SPECIHEN NOS-TI158 SPECIMEN NOS-T1159 SPECIMEN NO. 
W LOAD 






1 730 390 
5 120 1 1,150 
10 320 2.320 
16 280 1 21,"6: 
22 020 






CYCLE #11 I CYCLE XI5 
Newtons I (Pounds) 
CYCLE 11 ----r-- 
CYCLE #2 
CYCLE 1 3  - 
CYCLE #4 
13 700 3,080 
18 770 4,220 
CYCLE 15 I 






CYCLE X I 5  l- 









CYCLE 16 7- 
CYCLE 110 
-L CYC E 111 
-T CYCLE #I5 
NOTES. 
T . * 1 T n  d e n o t e s  i n s t a l l a t i o n  to rque .  
2/ Llolt-nut assembly t e s t e d  in Transduce r  C o n t r o l s  l o a d  cell. 
I n d i c a t o r .  A l l e n  Aeronu t l  t o rqued  w i t h  a p e c i a 1  Allen S p l i n e  Socket. 
Tensile clamp l o a d  determined frm RBI Strain 
TABLE NO. I1 H 8 
RESULTS OF 15-CYCLB INSTALLATION TORQUE-TENSION TESTS OF 
ALLEN S P L W  DRIVE HEAD ALLOY STEEL BOLTS 
TEST CONDITION: TORQUE FIOM NW DESIa MPLP LOAD: 24 020 Newton. ( 5.400 Pounds) 
Bolt Par t  No.: ~ ~ 1 8 0 - 0 4 0 2 4  Nut Par t  No.: ALLEN BONW 
Thread Size: 1/4-28 m ~ p - 3 ~  Nut Mater ia l :  %EEL 
Bolt Mater ia l :  8740 STEEL F i n i s h :  DRY FILM LUBE OVER CUIMIUW PLATE 
Bolt F m i s h :  CADMIUM U T E ,  QQ-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion .  ALLEN WG. co., SPEC. Hole Sire: 6.452 mm ( 0.254 i n . )  
Washer Part  NO. : MS 20002C4 h MS 20002-4 
- I I SPECIMEN N0.S-T1163 SPECIMEN NO. INDUCED CLAMP LOAD 11 



































CYCLE # l  CYCLE N 1  CYCLE #I CYCLE # l  
50 I T  2 580 580 3 110 700 2 980 670 2 580 580 
to0 I T  8 850 1,990 8 450 1,900 8 140 1,830 8 580 1,930 
150 I T  14 230 3.200 12 850 2,890 12 540 2,820 13 740 3,090 
200 I T  16 100 3,620 16 950 3,810 16 240 3,650 16 370 3,680 
280 I T  22 150 4,980 23 400 5,260 23 040 5,180 22 370 5.030 







50 IT I/ 2 140 1 480 11 2 400 1 540 /I 2 270 1 510 1 2 090 1 470 
100 I T  5 200 1,170 5 120 1,150 5 340 1,200 5 340 1,200 
150 I T  9 790 2.200 9 210 2.070 9 740 2.190 9 610 2.160 
50 I T  
100 I T  
150 I T  
200 IT 
280 I T  
200 I T  13 390 3;010 14 410 3;240 13 920 3;130 
280 I T  E :?: 1 $: 21 080 1 4,740 22 420 I 5,040 21 970 I 4,940 
, CYCLE 114 CYCLE 114 CYCLE 114 CYCLE #4 
2 090 470 2 310 520 2 180 490 2 090 470 
4 850 1,090 4 890 1,100 4 940 1,110 4 980 1,120 
8 580 1,930 8 940 2.010 9 250 2,080 8 670 1,950 
13 210 2,970 12 850 2,890 13 480 3,OO 13 080 2,940 
19 840 4,460 20 100 4,520 20 420 4.590 19 660 4,420 
CYCLE #5 CYCLE #5 CYCLE 15 CYCLE #5 
2 050 460 1 960 440 1 780 400 
1; :; iz 1 % 4 140 930 4 000 1,030 
150 I T  7 610 1,710 8 230 1,850 7 700 1,;; i:: 1 1,720 
200 I T  12 190 2,740 12 450 2,800 12 140 2,730 12 320 2,770 
280 I T  20 150 4,530 19 620 4,410 20 020 4.500 19 790 4.450 
CYCLE C6 CYCLE #6 CYCLE 16 CYCLE 86 
50 IT 1 290 290 1 650 370 1 470 330 1 380 310 
100 I T  4 000 900 4 140 930 4 050 910 4 230 950 
150 IT 7 700 1,730 8 1 W  1.820 7 740 1,740 7 520 1,690 
200 I T  11 830 2,660 12 050 2,710 11 7M) 2,630 11 790 2,650 
280 I T  20 190 4,540 19 570 4,400 19 840 4.460 19 930 4.480 
CYCLE #io  CYCLE 610 CYCLE 610 CYCLE #10 
1 470 330 1 330 300 1 250 280 
1:; :: ,"6: 1 i;: 4 050 910 900 4 090 920 
150 IT 6 940 1,560 7 870 1,770 ?:: 1 1,610 6 850 1,540 
200 IT 10 760 2,420 11 480 2,580 10 940 2,460 10 630 2.390 
280 IT 18 680 4,200 18 370 4,130 19 220 4,320 18 820 4,230 
CYCLE 111 CYCLE #11 CYCLE C l l  CYCLE #11 
Newtons Pounds 7 CYCLE # l   
CYCLE N2 






CYCLE # l o  





'IT' denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  i n  Traneducer Controls load c e l l .  
Ind ica tor .  Allen Aeronuts torqued with spec ia l  Allen Spline Socket. 
Tensile clamp load determined fram RBI S t ra in  
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TABLE NO. I1 H 9 
RESULTS OF 15-CYCLE INSTAJJATION TORQUE-TENSION TESTS OP 
ALLEN SPLINE DRIVE READ ALLOY STBEL BOLTS 
DESIGN CLAPlp LOAD: 24 020 Newtona ( 5,400 Pounds) TEST CONDITION: TORQUE FROM NUT 
Bolt Part  No.: AS180-04024 Nut Par t  No.: ALLEN A E R W  
Thread Size: 1/4-28 uNJp-3A Nut Mater ia l :  STEEL 
Bolt Mater ia l :  8740 ST= Nut F in ish :  CADMIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Fmish: CARLlM PLATE, 99-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion .  ALLEN NFG. CO., SPEC. Hole Size: 6.452 m (0.254 i n . )  
Washer Part  NO. :  MS 20002C4 h MS 20002-4 




















I I( SPECIMEN NO.S-TI1641 SPECIMEN NO.S-TI164 SPECIMEN NO.S-Tl164 SPECIMEN NO.S-Tl1671 SPECIMEN NO. 
( i n - l b f )  Newtons (Pounds) 
50 I T  
1w I T  
150 IT 
200 I T  













50 I T  11 1 3M I 300 100 I T  4 000 9  
150 I T  11 ;:: 1 203 I T  350 IT 15 120 3,400 
230 
1; (1 % 1 580 
150 I T  4 940 1.110 
1 5 380 200 IT 1 1,210 
350 IT 10 190 2,290 
CYCLE 115 
100 IT 11 ; k: 1 520 
150 IT 4 630 1,040 
200 IT 1,270 
350 IT 9 960 2,240 
INDUCED CLAMP LOAD 
Newtons I (Pounds)H Newtons I (Pounds 
CYCLE # l  n CYCLE #1 
I I I 
1 330 I 300 II 1 470 I 970 . . __. 
4 760 
7 960 I ::?;: 1 j ;:: 1 
10 630 2,390 11 340 2,550 
20 510 4.160 21 440 4.820 
CYCLE #2 CYCLE 12  
4 140 4 450 1,MlO 
6 360 1,430 6 890 1,550 
8 230 1,850 9 340 2,100 
16 010 3,600 16 590 3,730 
CYCLE #3 CYCLE 113 
270 1 070 240 !i i: I 860 0 000 9 00 
5 430 1.220 5 740 1,290 
6 810 1,530 7 380 1,660 
13 430 3,020 14 860 3,340 
CYCLE 115 CYCLE #5 
I I 
1 330 1 ,: I 1 330 1 .:I33 
3 560 3 780 
5 250 1,180 5 690 1,280 
6 670 1,500 7 250 1,630 





























11 CYCLE 16 
I1 I 
270 11 1 020 I 230 
610 2 850 640 1 5 200 1 ;:tl: 1,140 1,300 6 18  
2,510 11 830 2,660 
1 11 CYCLE 811 
21 130 I 4;750 
CYCLE (12 CYCLE 62 
1 200 270 
3 870 870 
6 090 1,370 
8 450 1,900 
15 790 3,550 
CYCLE (13 CYCLE /13 
CYCLE (14 
CYCLE 66 i! CYCLE #6 
I n I 
CYCLE #lo 1 CYCLE 
I n 
CYCLE X15 n CYCLE 
I I1 
NOTES : 7' IT'  denotes i n s t a l l a t i o n  torque. 
21 Bolt-nut assembly t e s t e d  i n  Transducer Controls load c e l l .  
Ind ica tor .  
Tensile .Lamp load determined from RBI S t r a i n  
Allen Aeronute torqued with apecia1 Allen Spline Socket. 
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TABLE NO. I1 H 10 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TBNSION TESTS OP 
ALLEN SPLINE DRIVE HBAD ALLOY STEEL BOLTS 
TEST CONDITION: TORQUE FROn NUT DESIGN CLAMP LMD: 102 300 Newton8 ( 23,000 Pounds) 
Bolt Part No. : AS180-08024 Nut Part No. : ALLEN AERONUT 
Thread Size:  1/2-20 UNJF-3A Nut Material: STEEL 
Bolt Materral: 8740 STEEL Nut F i n i s h :  BARE 
Bolt Finish: CAmIm PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt S p e c i f i c a t i o n .  ALLEN WPG. CO., SPEC. Hole S i z e :  12.827 m ( 0.505 in.) 
Waaher Part No.: MS 20002C8 & Ms 20002-8 
TORQUE 
I L' I I  
( i n - l b f )  Newtons 
40 67 360 IT 4 050 
81:351 720 IT I 17 170 
135.58 1200 IT 38 210 
176.26 1560 IT 78 060 
40 67 360 IT 4 400 
81:liI 720 IT 11 14 540 
135.58 1200 IT 41 500 
176.26 1560 IT 57 690 
223.711 1980 IT 11 80 200 
CYCLE 
40 67 360 IT 4 400 
135.58 1200 IT 34 160 
176.26 1560 IT 49 460 
81:35/ 720 IT 11 14 100 
223.71 1980 IT 70 550 
81.35 720 IT 11 880 
135.58 1200 IT 31 850 
176.26 1560 IT 45 990 
223.71 1980 IT 69 030 
INDUCED CLAMP LOAD 
(Pounds) Newtons I (Pounds) 1 Newtons I (Pounds) I Newtons 
n CYCLE #I 1 CYCLE #l I CYCLE #1 
I (Pounds1 
I I I I 
910 I 5 070 1,140 4 580 1 1,030 1 4 710 I 
:OI: 
3,860 17 840 4,010 18 770 4,220 18 240 4,100 
8,590 71 920 10.060 44 700 10,050 38 830 
17,550 71 920 16,170 75 480 16,970 75 930 17,070 
23,380 102 530 23,050 103 910 23,360 101 900 22,910 
CYCLE 12 CYCLE #2 CYCLE #2 
1,380 4 890 1,100 4 580 1,030 4 400 990 
4.680 17 440 3,920 18 010 4,050 18 860 4,240 
10,700 42 660 9,590 43 950 9,880 39 230 8,820 
15,440 62 410 14,030 64 500 14,500 66 540 14,960 
20,220 88 380 19,870 90 960 20,450 86 560 19.460 





























3 960 890 4 310 970 4 180 940 4 140 930 
11 340 2,550 13 430 3,020 12 100 2,720 11 560 2.600 
28 070 I 6,310 32 650 1 7,340 32 830 1 7,380 29 890 1 6,720 
41 990 9,440 45 240 10,170 48 480 10,900 42 970 9,660 
67 570 15,190 70 140 15,770 68 190 15,330 67 520 15.180 
I I I I I 
CYCLE #lo CYCLE #lo 1 CYCLE #10 CYCLE #10 
3 600 I/ :: E: 2,:i 11 4 090 I 920 I/ 3 780 I 850 11 3 830 1 860 12 140 2,730 11 830 2,660 10 720 2,410 6.140 31 27 7.030 29 490 6 63 27 360 6.150 
41 060 9;230 43 550 91760 42 610 91580 41 590 9;350 
64 270 I 14,450 66 810 I 15,020 I 63 340 I 14,240 61 780 I 13,890 
CYCLE #11 CYCLE 111 I CYCLE #11 CYCLE #11 
40.671 360 IT I I  3 200 I 720 II 3 560 I nnn II 3 510 I 790 II 1 y10 I 750 81 351 72 _. 11 10 900 1 ',:4+: 1 11 480 1 ',:E 1 11 520 1 ::;5: I 16 680 1 2,400 
135.58 1200 IT 26 820 29 580 29 220 27 360 6,150 
176.26 1560 IT 40 880 9,190 42 120 9,470 41 770 9,390 41 500 9,330 
223.71 1980 IT 63 470 14.270 66 100 14.860 62 140 13.970 61 560 13.840 . . ,, 
CYCLE U15 11 CYCLE #15 11 CYCLE #15 11 CYCLE #15 
I II I II I I1 I 
40.67 360 IT 600 3 510 790 3 160 710 2 940 660 
81.35 720 IT 11 120 2,500 11 300 2,540 10 680 2,400 10 190 2,290 
135.58 1200 IT 2: 2 I 5,890 29 360 6,600 25 710 5,780 26 950 6,060 
176.26 1560 IT 40 480 9,100 41 720 9,380 38 650 8,690 40 830 9,180 
223.71 1980 IT 59 340 13,340 62 450 14,040 57 740 12,980 58 490 13.150 






10 990 2,470 
27 130 6,100 
41 140 9,250 
62 410 14,030 
CYCLE #15 
I 
Bolt-nut assembly tested in Transducer Controls load cell. 
Indicator. 
Tensile clamp load determined from RBI Strain 




TABLE NO. I1 H 11 
RBSULTS OP 15-CYCLB INSTALLATION TORQVE-TBNSION TESTS OP 
ALLBN SPLINE DRIVE HBAD ALLOY STEEL BOLTS 
TEST CONDITION: TORQW FRCH Nul' DESICN CWWP LMD: 102 300 Newtons ( 23,000 Pounds) 
Bolt Part NO.: AS180-08024 llut Part No. : ALLEN A E R O N ~  
Thread Size: 1/2-20 IMJF-3  Nut Material: S T E ~  
Bolt Materiel: 8740 STEEL 
Bolt Finish: CADMIUM PLATE, 99-P-416, TYPE 11, CLASS 3 
Bolt SpecificatLon. ALLENWG. CO., SPEC.  ole size: 12.827 mm ( 0.505 in.) 
Nut Finish: 
Washer Part NO.: 
DRY FILM LUBE OVBR CADMIUM U T E  
































































































SPECIMEN NO.S-Tl176 SPECIMEN NO.S-Tl177 
INDUCED CLAMP LOAD 
Newtons (Pounds) 
-=?---- 
67 430 15 160 
102 130 I 22I960 
CYCLE #2 
CYCLE t3 
I .  
CYCLE #4 
CYCLE #5  
CYCLE #6 
 
12 500 2,810 
27 220 6,120 
39 280 Oo0 I 8.830 
68 010 1 15;290 
11 080 2,490 
24 690 5,550 
35 230 7,920 ?-62 CYCLE 580 #ii 14,070 
3 560 ROC 
CYCLE (10 
. .~ ..
10 850 2,44( 
24 150 5,43C 
34 290 1 7,71C 61 200 13,76C 
3 290 74c 
9 960 1 2,24C 
22 600 5,08( 
31 980 7.19( 
57 650 I 12:96C 
Newtons I (Pounds) 1 Newtons 1 (Pounds 
I I 
CYCLE I1 I CYCLE 81 
2: ::: I ::E I 2: ::: 1 5,;: 
48 390 10.880 50 970 11.460 
66 590 14.970 67 080 15;OSO 
103 330 1 23I230 11 101 460 I 22.810 
CYCLE #2 CYCLE #2 
19 700 4,430 20 150 4,530 
41 680 9,370 42 170 9,480 
59 110 13,290 59 290 13,330 
94 560 21,260 97 590 21,940 
CYCLE #3 CYCLE 113 
980 
1 4 180 4 360 1 ,980 1 ,940 14 630 3.290 13 570 3,050 31 270 7,030 30 690 6,900 44 260 9,950 42 750 9,610 77 570 17 44 74 820 16 82  
CYCL6 16 CYCLE #6 
12 990 2,920 12 450 2,800 
28 820 6,480 28 690 6,450 
40 830 9,180 40 920 9.200 
CYCLE #10 CYCLE 110 
2: : 1 9201 3 470 1 781 11 250 2,530 10 680 2,40( 5.750 24 510 5,51( 
35 580 8,ooO 34 650 7,791 
66 230 14.890 62 050 13.951 
7 51 
33 090 7;440 32 690 7;35( 
61 560 13,840 60 720 13,651 
48 790 10;970 51 020 11,470 
65 790 14,790 66 190 14,880 
101 730 22,870 103 860 23,350 
CYCLE 12 CYCLE #2 
19 130 4,300 22 110 4,970 
39 450 8,870 44 170 9,930 
55 420 12.460 60 890 13,690 
91 500 20.570 99 280 22,320 
CYCLE 13 CYCLE (13 
89 720 I 20:170 11 87 090 1 191580 
CYCLE U4 
4 360 I 980 I 7 1,010 
16 590 3.730 16 060 3.610. 
4 400 I ,! I 4 180 1 .940 
14 280 3,210 15 790 3,550 
31 200 31 710 7,130 
43 720 9,830 44 880 10,090 
73 210 16 460 81 670 18 360 
CYCLE 86 CYCLE #6 
I I I 
1; :;: I 2,;: 1 1: E 1 3 , E  
28 600 6.430 29 270 6.580 
3 600 . ... 
7,770 
CYCLE X15 11 CYCLE #15 
I I1 
1 ,7801 3 470 3 560 I 800 10 410 2,340 10 680 2,400 24 380 5,480 23 840 5,360 33 450 7,520 33 050 7,430 62 630 14 080 61 120 13,740 
denotea installation torque. 
21 Bolt-nut essembly tested in Transducer Control8 lcud cell. 
Indicator. 
Tensile clamp load determfned frm RBI Strain 
Allen Aeronuts torqued with special Allen Spline socket. 
272 
TABLE NO. I1 H 12 
HBSLKTS OF 15-CYUK INSTALIATION TORCpE-TENSION TESTS OF 
ALW SPLINE DRIVE HEALI ALLOY STEEL BOLTS 
SPECIMEN N0.S-T1179 
TEST CONDITION: TORQuB PHM NLV DESIGN CLAMP L M D :  102 300 N e w t o n s  ( 23,000 P o u n d s )  
B o l t  P a r t  N o . :  AS180-08024 N u t  P a r t  N o . :  ALLEN AKRONLV 
T h r e a d  Size: 1/2-20 W - 3 A  
B o l t  Mater ia l :  8740 S T E m  N u t  Finish: CADMIUM PLATE, QQ-P-416, T W E  11, CLASS 3 
Bolt F i n i s h :  CADMIIM PLATE, W-P-416, TYPE 11, CLASS 3 
Bolt S P e C l f l c a t l o n .  ALLEN MFG. CO., SPEC. Hole Sire: 12.827 m ( 0.505 in.) 
N u t  M a t e r i a l :  STEEL 
Washer Part N o . :  MS 20002C8 h MS 20002-8 





















































; in - lbf )  = 
360 I T  
720 I T  
1200 I T  
1560 I T  
3000 I T  
300 1 600 360 1 780 400 1 470 330 1 600 360 
2,050 9 740 2,190 10 230 2,300 9 610 2,160 9 390 2,110 
5,490 26 870 6.040 27 310 6,140 26 110 5,870 25 000 5,620 
8.520 40 120 9,020 38 960 8,760 38 650 8,690 39 770 8,940 
20,680 96 170 21,620 92 250 20,740 90 870 20,430 92 070 20,700 
360 I T  
720 I T  
1200 I T  
1560 I T  
3000 I T  __ 
360 I T  
720 I T  
1204 I T  
1560 I T  
3000 I T  __ 
360 I T  
720 IT 
1200 I T  
1560 I T  
3000 I T  -
360 I T  
720 I T  
1200 I T  
1560 I T  
3000 I T  
360 I T  
720 I T  
1200 I T  
1560 I T  
3000 I T  -
360 I T  
720 I T  
1200 I T  
1560 I T  
3000 I T  -
360 I T  
720 I T  
1200 I T  
1560 I T  
30M) I T  -
360 IT 
720 I T  
1200 I T  
1560IT 
3000 I T  -






380 1 650 370 1 1 820 ::E 1 425 1, 90 7 120 1,600 6 490 1,460 6 890 1,550 1 690 
14 010 3,150 16 460 3,700 14 500 3,260 15 030 
19 840 4,460 22 820 5,130 20 370 4,580 20 820 
58 050 13,050 63 070 14,180 59 160 13,300 62 450 
CYCLE #4 CYCLE 14 CYCLE iy4 CYCLE 64 CYCLE 114 
I I I L I I 
410 1 600 360 1 910 430 1 650 370 
1,:; % I 1,520 6 410 1,440 6 670 1,500 7 030 1,580 
3.040 15 030 3.380 14 410 3,240 14 810 3.330 14 860 3,340 
4.460 19 750 4,440 20 020 4,500 20 730 4.660 20 060 4,510 
12.200 60 310 13,560 57 960 13,030 58 940 13,250 56 800 12,770 
CYCLE #5 
2 000 1 450 1) 1 820 I 410 1 1 650 I 370 1 2 050 1 460 1 1 730 I 390 
6 630 1,490 6 760 1,520 6 320 1,420 6 810 1,530 7 030 1,580 
13 920 3,130 15 260 3,430 14 190 3,190 14 990 3,370 14 770 3,320 
20 190 4.540 20 280 4.560 19 880 4.470 21 080 4.740 19 970 4.490 
CYCLE 65 CYCLE US CYCLE #5 CYCLE i 5  
500 SEVERE GALLING 2 220 500 2 000 450 
1,410 7 120 1,660 7 120 1,600 
15 120 3,400 15 080 3,390 
21 570 4,850 20 330 4,570 
48 790 10,970 49 150 11,050 
CYCLE 111 CYCLE X 1 1  
1 I.;::: 13 790 3,100 
49 680 11,170 
I I I I I 
6T.H CYCLE 






I 6 ;70 1 1;410 1 ;Frp 1 1 1,580 47
13 570 3,050 14 900 3,350 
19 q?n 6 480 20 240 4 550 
300 SEVEHE GALLING 




T u r n n  d e n o t e s  i n s t e l l a t i o n  t o r q u e .  
2f - I n d i c a t o r .  Allen A e r o n u t s  torqued with s p e c i a l  Allen Spl ine  Socket. 
Bolt-nut assembly t e s t e d  in T r a n s d u c e r  Controla load ce l l .  Tensile clamp l o a d  d e t e r m i n e d  frm B B I  S t r a i n  
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TABLE NO. I1 R 13 
RESULTS OF 15-CYCLE INSTALLATION TORQUB-TENSION TESTS OE 
ALLBN SPLINE DRIVE HEAD ALLOY STEEL BOLTS 
TEST CONDITION: TORQW mm 
Bolt Part NO.: AS180-08048 
Thread Size: 1/2-20 m ~ p - 3 ~  
Bolt Material: 8740 STEEL 
Bolt Fifli8h:cAmIw PLATE, QQ-P-416, TYPE 11, C W S S  3 








































SPECIMEN NOS-T118 SPECIMEN NO.S-Tl1E 
INDUCED 
720 IT 19 660 4;420 20 240 4i550 
1200 IT 40 170 9,030 40 790 9,170 
1500 IT 46 620 10,480 49 860 11,210 
2640 IT 100 480 22,590 102 130 22,960 
CYCLE #2 CYCLE #2 
360 IT 
720 IT 16 860 3,790 16 370 3.680 
1200 IT 32 430 31 800 7,150 
15M) IT 45 680 10,270 43 680 9,820 
2640 IT 85 540 19,230 85 180 19,150 
CYCLE #3 CYCLE #3 
360 IT I/ 6 850 1 1,540 I 6 890 I 1,550 
720 IT 15 660 3,520 1 5  750, 3,540 
1200 IT 29 580 6,650 30 160 6,780 
2640 IT 86 870 19.530 83 490 18.770 
m o  IT 42 660 9,590 41 630 9,360 
1 . I, 
CYCLE #4 CYCLE 114 
I 1 
360 IT 9 830 2,210 7 250 I 1,630 
720 IT 21 170 4,760 17 040 3,830 
1200 IT 40 340 9.070 33 320 7,490 
1560 IT 52 000 11,690 46 930 10,550 
2640 IT 84 650 19.030 84 200 18,930 
CYCLE 15 CYCLE X5 
360 IT SEVERE GALLING 7 520 I 1,690 
720 IT 5TH CYCLE 17 880 4,020 
1200 IT 34 650 7,790 
1500 IT 49 060 11,030 
2640 IT 83 220 18,710 
- CYCLE U6 CYCLZE #6 
I 1 




CYCLE #11 ' 
DKSIGN CLAMP LMD: 102 300 Newtons f 23,000 Pounds) 
Nut Part NO. : ALLEN AWONUl' 
Nut Material: STEEL 
Nut Finish: BARE 
Washer Part No.: Ms 20002c8 6 G  20002-8 
Hole Sire: 12.827 rmn ( 0.505 in.) 
17 210 31870 15 970 3;590 
32 920 1 7,400 I 31 630 1 7,110 1 
45 190 10,160 44 350 9,970 
87 760 19,730 85 310 19,180 1 
CYCLE 13 I CYCLE #3 11 CYCLE (13 
1 1 I, 
7 380 I 1,660 I 6 980 1 1,570 1 I 16 100 3,620 15 430 3,470 30 690 6.900 29 360 6.609 
7 920 1,780 9 300 2,090 
17 660 3.970 20 060 4,510 
34 120 7,670 40 570 9,120 
47 770 10,740 50 350 11,320 
87 140 19,590 86 600 19,470 
' 
Y ' I T '  denotes instellation torque. 




TABLE NO. 11 H 14 
RESULTS OF 15-CYCLE INSTALLATION TORQLE-TENSION TESTS QF 
ALLBN SPLINE DRIVE HBAD ALLOY STEEL BOLTS 
DESIGN ClAMP LOAD: 102 300 Newtons ( 23,000 Pounds) TEST CONDITION: ~ o a ~ u g  p ~ m  ~ v p  
Bolt Par t  No. : ~ ~ 1 8 0 - 0 8 0 2 4  Nut Par t  NO.: ALLEN AERGXLV 
Thread Size: 1/2-20 m ~ p - 3 ~  
Bolt Mater ia l :  8740 S T E ~  Nut Finish: DRY FILM LUBE OVER CADMIUn PLATE 
Bolt F in ish :  -Im m T E ,  QQ-p-416, TYPE 11, CLASS 3 
Nut Mater ia l :  STEEL 
Washer Par t  NO.: MS 20002C8 h MS 20002-8 
Bolt SPeflflCatlOn. ALLBN MFG. CO., SPEC. ~ 0 1 e  Size: 12.827 m ( 0.505 i n . )  















































SPECIMEN NOST1184 SPECIMEN NO.S-T118((( SPECIMEN NO.S-Tl1891 SPECIMEN ~0.S-Tl190 
i l  INDUCED CLAMP LOAD 
( i n - l b f )  Newtons I (Pounds) r Newtons I (Pounds) Newtons I (Pounds) I Newtons I (Pounds 
CYCLE # l  1 CYCLE #1 . CYCLE #I  1 CYCLE I1 
1 I I I 1 1 
360 IT 12 010 2,700 12 990 2,920 12 500 2,810 12 140 2,730 
7,720 35 670 8,020 36 430 8,190 720 i: 34 70 280 16  1 :.130 15,800 34 60  340 80 1 13,670 63 160 
1200 14,200 66 410 14,930 
1500 :: 79 750 17,930 75 390 16,950 78 600 17,670 77 750 17,480 

















I T  
IT 
IT 
I T  -
I T  
IT 
IT 
I T  
I T  - 
1) 12 500 I I 12 630 1 )I 
28 330 28 910 
51 730 11.630 51 060 11.480 
68 230 15,340 68 720 15;450 64 900 14;590 66 500 141950 
96 250 I 21,640 92 830 I 20,870 I 94 210 1 21,180 95 720 1 21,520 
CYCLE #3 CYCLE 13 CYCLE #3 1 CYCLE 63 
I I I 1 
2.200 10 270 2,310 10 320 2,320 9 960 2,240 
22 460 5,050 21 970 4,940 22 280 5,010 
42 660 9,590 41 810 9,400 42 790 9,620 
58 180 13,080 54 550 12,650 57 560 12,940 
87 050 19,570 85 360 19,190 85 940 19.320 
Ii CYCLE 14  I CYCLE #4 ! CYCLE 1 4  
55 960 12;580 56 850 12 780 53 200 11;960 53 460 12;020 
IT II 84 470 I n 84 650 I l9i030 II 82 420 I 18,530 n 82 550 I 18.560 
CYCLE 1 5  11 CYCLE 85 1 CYCLE 15 1 CYCLE #5 
360 I T  I/ 8 720 I 1,960 // 8 980 1 2,020 I 8 980 I 2,020 1 8 670 1 1,950 
720 IT 19 970 4,490 20 280 4,560 19 080 4,290 19 170 4,310 
1203 IT 39 720 8,930 40 480 9,100 39 450 8,870 35 230 8,820 
1503 I T  57 070 12.830 56 270 12.650 52 800 11.870 52 620 11.830 
2100 IT 11 83 000 I l e i670  11 82 070 18;450 81 400 1 18:300 11 79 890 1 17;960 
11 CYCLE 
360 IT 8 763 
720 IT 11 19 753 
12M) I T  33 280 
CYCLE 1 6  
4,440 20 240 4,550 19 130 
8,830 39 940 8,980 38 920 
12,370 55 160 12,400 51  110 
18,460 82 640 18 580 80 380 
CYCLE #10 CYCLE 
1.900 I 8 180 I 1,840 1 8 410 
4,160 18 100 4,070 18 100 
8,190 35 720 8,030 35 360 
11.040 47 900 10,770 45 640 
17.570 78 820 17.720 74 950 
CYUE tll 
18 100 4,070 17 700 
8,020 36 430 8,190 35 350 
10,970 47 820 10,750 45 810 
17,280 79 260 17,820 74 150 
CYCLE #15 
1,920 1 S E m E r  I 8 450 
4,030 13Tll CYCLE 17 610 
7,950 35 140 
10,810 45 460 
16,810 71 790 
CYCLE #6 
4,300 19 040 4,280 
8,750 38 960 8,760 
11,490 50 990 11,460 
18 070 78  910 17 740 
CYCLE #10 
I 8 410 1,910 1,890 
3,980 18 010 4,050 
7,950 36 030 8,100 
10,300 46 620 10,480 
16,670 75 260 16,920 
CYCLE #15 1 8 410 1 l:900 1:890 
3,960 17 790 4,000 
7,900 35 450 7,970 
10,220 46 300 10,410 











'IT'  denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  in Transducer cont ro le  load c e l l .  21 - Indica tor .  Allen AeroputB torqued with spec ia l  Allen Spline Socket. 
Tensile clamp load determined f r w  RBI S t r a i n  
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TABLE NO. I1 H 15 
RESULTS OF 15-CYCLE INSTALLATION TORQUB-TENSION TESTS OF 
ALLEN SPLINE DRIVE HHAD ALLOY STEEL BOLTS 
TEST CONDITION: TmgUE FRM Nvp DESIGN CLAW LOAD: 102 300 Newona ( 23.000 Pounds) 
Bolt Part  No.: ~ ~ 1 8 0 - 0 8 0 2 4  
Thread Size: 1/2-20 m ~ p - 3 ~  Nut Mater ia l :  STEEL 
Bolt Mater ia l :  8740 S T ~  Nut F in ish :  UIUM PLATE, w-p-416, TYPE 11, CLASS 3 
Bolt F in ish :  CADMIM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Specification. ALLEN MFG. co., SPEC.  ole Size: 12.827 m ( 0.505 in.) 
Nut Par t  No.: ALLEN ABRONm 




















































360 I T  
720 IT 
1200 I T  
1553 I T  
26kO IT __ 
360 IT 




360 I T  
720 IT 
1200 I T  
1500 I T  
2640 I T  -




2640 I T  -
360 I T  
720 I T  
1200 I T  




1200 I T  










1500 I T  




































































CYCLE 110 v 
39 990 8;990 
91  140 I 20,490 





I 430 2 050 460 1 730 390 iii 1 3,380 14 100 3,170 13 340 3,000 7 73 33 180 7,460 32 690 8,350 48 440 10,890 45 330 10,190 45 900 10,320 102 530 23,050 99 900 22,460 101 050 22,720 CYCLE 12 CYCLE 12 CYCLE 12 CYCLE 62 
I 
4 940 I 1,110 I 4 710 1,060 I 4 580 i:O;t 1 I 1 3  480 3,030 12 770 2,870 12 850 27 580 6.200 26 870 6,040 27 220 6,120 38 830 8,730 37 010 8,320 36 920 8,300 85 760 19.280 83 890 18,860 83 940 18.870 
35 760 I 81040 11 33 890 I 71620 11 34 740 I 71810 11 
CYCLE 14 11 CYCLE 1'4 u CYCLE 14 CYCLE 14 
I 11 
77 970 1 17;530 I( 75 300 I 16;930 u 76 730 I 17;250 1 
CYCLE 1 5  11 CYCLE 1 5  ! CYCLE #5 CYCLE 15 
CYCLE ?6 
4 270 960 4 OM) 900 
10 270 2,310 10 760 2,420 
25 530 5,740 23 890 5,370 
33 760 7,590 34 210 7,690 
75 530 16,980 74 900 16,840 
CYCLE #6 CYCLE 16 CYCLE 16 
I I 
CYCLE C15 CYCLE C15 CYCLE X15 CYCLE X15 
SBVERB XILING SEVERB GALLING 
12TR CYCLE 15TH CYCLE 
'IT' denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  in Transducer Controls load c e l l .  
Ind ica tor .  Allen Aeronuts torqued with  apecia l  Allen Spline Socket. 
Tens i le  clamp load determined frm RBI S t r a i n  
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TABLE NO. I1 H 16 
RESULTS OF 15-CYCLE INSTALLKCION TORQUE-TENSION TESTS OF 
ALLEN SPLINe O%IVS GLOY 9ZEEL BOLTS 
TEST CONDITION: 
Bolt Per t  No. : AS180-08048 
Thread  Size: 1/2-20 ~ m - 3 ~  
TORQUE FHCM BOLT HBAD 
Bolt Mater ia l :  8740 STEEL 
Bolt F in ish :  CADMIW PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt SpeClfiCatlOn. ALLENWG. CO., SPEC. 
DESIGN CL.44P LMD: 102 300 Newtons ( 23,000 Pounds) 
Nut Part No. : 
Nut Mater ia l :  STEEL 
Nut F in ish :  BARE 
Washer Par t  NO.:  MS 20002C8 & MS 20002-8 










































360 IT  
720 I T  
1200 IT  
1500 IT  
2400 I T  
360 I T  
720 I T  
1200 I T  
1500 I T  
2400 I T  -
360 IT  
720 I T  
1200 IT  
1500 I T  
2400 I T  __ 
360 I T  
720 IT  
1200 IT  
1500 IT 
2400 I T  -
360 I T  
720 I T  
1200 I T  
1500 I T  
2400 I T  -
360 IT  
72.1 I T  
1200 I T  
1500 I T  
2400 I T  
360 I T  
720 I T  
1200 I T  
1500 I T  






I T  
I T  
I T  
I T  
I T  




101 500 1 22;820 ~- 
CYCLE 12 
CYCLE 1 3  




CYCLE 16  -r 
CYUE 110 -r CYCLE # l l  
iewtons I (Pounds) 
CYCLE N 1  
CYCLE 12  x1 3i200 14 230 
32 870 7,390 
48 790 10,970 
94 560 21,260 
I 
CYCLE 13  
1 3  790 3,100 
30 650 0 I 6.890 
CYCLE i i4 
CYUE 16  
I 
CYCL.E # l o  
SEVERE GALLING 
7TH CYCLE 
CYCLE #11 -r 
I 
CYCLE 115 
SPECmN NO.S-Tl198 SPECIMEN N0.S-T1199 SPECIMEN NO, 
MP LOAD 
Newtons 1 (Pound5 
CYCLE #l  
CYCLE 12  
I 
1,580 
15 390 3,460 k ::: 1 7.720 
51 370 11,550 










1 .  
6 490 1 :::46 
15 790 3,550 
32 740 7,360 
44 040 




CYCLE 16  7- 
CYCLE 110 
T 
CYCLE #11 I CYCLE #15 
Newtons I (Pounds: 
CYCLE #1 
CYCLE 82 r 
98 080 I 22;050 
CYCLE 1 3  
13  740 
42 830 9,630 
88 830 19,970 
31 490 7.080 
CYCLE #4 
81 090 I 18;230 
CYCLE 1 5  
CYCLE Xb 
CYCLE #10 I CYCLE #11 
Newtons I (Pounds) 
CYCLE 111 
I I 
CYCLE 112 I CYCLE #3 
- CYCLE  114 





1 CYCLE 111 
7- CYCLE #15 
NOTES : 
2/ 
'IT' denotea i n s t a l l a t i o n  torque. 
Bolt-nut esaembly teated in Transducer Contro ls  L a d  c e l l .  
Ind ica tor .  
Tens i le  clamp lead determlned from RBI St16'.in 
AS 180 S e r i e s  b o l t e  torqued wi th  apecia1 Al len  Spl ine  Socket. 
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TABLE NO. I1 R 17 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
ALLm SPLINE DRIm HEAD ALLOY STEEL BOLTS 
DESIGN CLAm LOAD: 102 300 Newtona ( 23,000 Pounds) TEST CONDIT1oN: 
Bolt Par t  NO.: AS180-08048 Nut Per t  No.: ALLEN AERONVP 
Thread S i z e :  1/2-20 m m - 3 ~  Nut Mater ia l :  STEEL 
Bolt  Mater ia l :  8740 Nut Finish: DRY FILM LUBE OVER CADMIM PLATE 
Bolt F in ish :  CADE~W PLATE, ~9-P-416,  TYPE 11, CLASS 3 
Bolt Spec i f ica t ion .  &LEN m ~ .  eo., SPEC. Hole Size: 12.827 w ( 0.505 in.) 
TmQW FRCU BOLT HEAD 
Washer Par t  No. : MS 20002C8 6 MS 20002-8 
SPECIMEN NO.S-Tl202 SPECIMEN NO.sq1203 SPECIMEN NO. TORQUE- 
l/ INDUCED CLAMP LOAD 
Nm (In-lbf) Newtons (Pounds) I Newtons I (Pounds) Newtons 1 (Pounds) I Newtons 1 (Pounds) ii Newtons I (Pounds) 
I CYCLE # l  I CYCLE #l I CYCLE # l  CYCLE I1 CYCLE 
I I I I I n I 
360 IT 40.67 1 1/ 8 140 
81.35 720 I T  21 660 
135.58 1200 IT 35 940 
176.26 1560 I T  46 440 
271.16 24001T 78 240 
360 I T  
720 I T  
1200 I T  




40.67 360IT 4 050 
135.58 12001T 27 530 
176.26 1560 I T  36 830 
81.351 7201T 11 13  830 
1 ::I :E: 11 1: :;: 
135.58 12001T 23 440 
I 40.671 3601T I] 5 120 
81.35 7201T 12  190 
I 271.ld 2400IT 11 
2,210 10  050 2,260 10 500 2,360 
7,960 27 670 6,220 29 670 6,670 
11,180 47 990 10,790 48 170 10,830 
13,880 62 540 14,060 62 720 14,100 
22,880 99 370 22,340 99 950 22,470 
CYCLE #2 CYCLE #2 ! CYCLE #2 CYCLE #2 
I 
NOTES. 
T . * I T '  denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  i n  Transducer Controls load c e l l .  Tens i le  c l a m  load determined frw RBI S t r a i n  - 
Indica tor .  AS 180 Series b o l t s  torqued wi th  spec ie1  Al len  Spl ine  Socket. 
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TABLE NO. I1 H 18 
RESULTS Qp 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
ALLEN SPLINE DRIVE HEAD ALLOY STEEL BOLTS 
TEST CONDITION: T ~ Q U B  ~ R O M  TD BOLT DESIGN CLAW LOAD:102 300 Newton. (23,000 Pounds) 
Bolt Par t  No. : ~ ~ 1 8 0 - 0 8 0 4 8  Nut Part  No. : ALLEN A E R m  
Thread Size: 1/2-20 unJp-3A Nut Mater ia l :  STEEL 
Bolt Mater ia l :  8740 STEKL Nut Finish: CADnIUH -:E, 9Q-P-416, TYPE 11, CLASS 3 
Bolt F in ish :  CADMIUH PLATE, 9Q-P-416, TYPB 11, CLASS 3 
Bolt Spec i f lca t lon .  ALLEN WG. co., SPEC. Hole Size: 12.827 m (0.505 in.) 











































:in-lbf) Newtons 1 (Pounds 
CYCLE I 1  
360 IT 780 
720 I T  (1 %:"o 1 2,000 







CYCLE I1 CYCLE #1 
13 520 13 430 3,020 
25 130 5.650 26 550 5,970 
34 340 7,720 35 720 8,030 
76 770 17.260 83 760 18,830 
CYCLE 12 
66 900 1 l5;040 68 720 I 15;450 
CYCLE #3 CYCLE #3 
3 960 890 3 740 840 
9 870 2.220 9 920 2,230 
26 780 6,020 27 310 6,140 
19 570 4,400 19 930 4,480 
64 410 14,480 65 740 14,780 
CYCLE 44 CYCLE (14 
1 1 
830 
. I ,, 
CYCLE 1 5  CYCLE #5 
3 600 810 3 600 810 
9 120 2,050 9 340 2,100 
9 340 4,110 18 770 4,220 
24 200 5,440 25 710 5,780 
62 180 13,980 63 120 14,190 
CYCLE X6 CYCLE (16 
3 560 800 3 830 860 
9 070 2,040 8 760 1.970 
18 150 4.080 17 660 3,970 
24 330 5,470 25 800 5,800 
62 010 13,940 61  470 13,820 
CYCLE #10 CYCLE (10 
NOTES ' 
T " 1 T '  denotes i n s t a l l a t i o n  torque. 
21 Bolt-nut assembly t e s t e d  in Transducer Controls load c e l l .  
Ind ica tor .  
Tensile clamp load decermined frrm RBI S t r a i n  
AS 180 Series b o l t a  torqued with spac ia l  Al len  Spline Socket. 
2 7 9  
TABLE NO. 11 J 1 
RBSULTS OP 15-CWI.B INSTALLATION TORQUE-TENSION TESTS OF 
ALLEN SPLINE DRIVE HEAD ALLOY STBBL BOLTS WITH NEW NUTS 
SUBSTlTWED AT 6TH CYUB 
TEST CONDITION: TORQUE pR(EL D B S X U  CLAMP LOAD: 24 020 NeutonI ( 5,400 Pounds) 
Bolt Part  NO.: As180-04012 Uut Par t  No. : ALLEN AWONW 
Thread Size: 1/4-28 m-3 
Bolt Mater ia l :  8740 ST= Nut Finish: BARE 
Bolt Finish: CADMIUM UTI, ~ ~ - P - 4 1 6 ,  TYPE 11, CLASS 3 
Bolt  Spec l f l - t lon .  ALLEN NFG. co., SPEC. Hole Size: 6.452 om) ( 0.254 in.) 
Nut MBteria1: STEEL 
Washer Part  No. : MS 20002C4 h MS 20002-4 
SPECIMEN NO.S-Tl2041 SPECIMEN NOS-T120 SPECMEN N0.S-TI21 SPECIMEN NO.S-Ti211 SPECIMEN NO. 
INDUCED CLAMP LOAD 
Nm I ( i n - l b f )  11 Newtons 1 (Pounds) I Newtons I (Pounds) 1 Newtons I (Pounds) I Newtons 1 (Pounds] 
I CYCLE it1 /I CYCLE #1 11 CYCLE #I I CYCLE # l  I I n I I I 
I 5.65 1 50 I T  11 2 540 1 570 I 2 450 I 550 I , 2  400 1 540 I 2 800 1 63C 
I90 8 850 1,990 8 900 2,000 9 520 2 l l n  
2;890 13 430 3,020 13 030 7 91n 1 4.100 18 730 4 210 





52a 2 050 460 2 140 480 2 310 
7 700 1,730 7 830 1,760 8 810 i.98a 
11 740 2,640 11 700 2,630 13 210 2,970 
16 770 3,770 16 370 3,680 18 550 4,170 
20 680 4,650 20 100 4,520 22 330 5,020 
CYCLE R3 CYCLE N3 CYCLE 1h3 I CYCLE #3 
5.65 50 I T  410 1 960 440 2 050 460 2 140 480 
~ 11.30 100 I T  6 410 1,440 5 920 1,330 7 160 1,610 5 i!i 1 1,030 16 95 150 I T  ,80  9 920 2,230 8 980 2.020 11 030 2,480 I 22160 200 I T  12 370 2,780 14 460 3,250 12 850 2,890 15 880 3,570 
25.99 230 IT 16 370 3,680 17 880 4.020 15 970 3,590 19 840 4.460 
' 









370 1 780 400 1 870 420 IT 1 510 340 
IT 4 270 960 1,150 4 800 1,080 5 430 1,220 
I T  7 340 1,650 1,840 7 740 1,740 8 580 1,930 
IT 10 940 2,460 12 050 2,710 11 430 2,570 12 770 2,870 
IT  14 460 3,250 15 260 3,430 14 230 3,200 16 190 3,640 
CYCLE #5 CYCLE 15 CYCLE #5 CYCLE #5 
! 1 
I I I I 
5.65 50 I T  310 1 4 7 0  330 1 870 420 380 
11.30 100 IT 4 760 
16.95 150 IT a 5; 1 900 1,070 4 760 1,070 1,51 7 520 1,690 7 610 1,710 
22.60 200 I* 10 100 2,270 11 120 2,500 11 030 2,480 
25.99 230 IT 13 520 3.040 14 100 3 170 14 loo 1 17n 1 7 8 0  
CYCLE #6 CYCLE #6 CYCLE 116 CYCLE #6 
5.65 50 IT  3 290 740 3 110 700 3 070 690 3 290 740 
11.30 100 IT 7 780 1,750 8 010 1,800 7 560 1,700 7 870 1,770 
16.95 150 IT 12 500 2,810 12 680 2,850 11 920 2,680 12 450 2,800 
22.60 200 IT 17 930 4,030 17 840 4,010 17 170 3,860 17 750 3,990 
25.99 230 I T  22 600 5,080 22 460 5,050 22 020 4,950 23 170 5.210 
CYCLE 110 CYCLE #10 CYCLE # l o  CYCLE # l o  
5.65 1 50 IT 1 2 620 1 590 I 2 450 I 550 I 2 540 1 570 I 2 710 1 510 
11 30 100 IT 5 650 1,270 5 380 1 J L O  5 340 1,200 6 000 1,330 1 16:95 150 IT 9 340 2,100 8 810 1,980 9 070 2,040 9 960 2,240 
22 60 200 I T  14 950 3,360 14 140 3,180 13 740 3,090 15 210 3,420 I 25199 230 IT 18 410 4,140 17 480 3.930 17 750 3.990 19 130 4.300 
5.65 50 IT 2 670 600 2 400 540 2 360 530 2 540 570 
11.30 100 IT 1,120 4 490 1,010 5 520 1,240 
16.95 150 IT i:: 1 i:;:: :i: 1 1,930 7 830 1,760 8 850 1,990 
22.60 200 I T  13 570 3,050 13 790 3,100 11 970 2,690 14 060 3,160 
25.99 230 I T  1 5  880 3,760 16 720 3,760 1 5  300 3,440 1 7  700 3,980 
CYCLE 115 CYCLE 115 CYCLE 115 CYCLE 115 
5.65 50 I T  470 2 OW 450 1 650 370 1 870 420 
11.30 100 IT 4 540 1,020 4 O M  910 4 670 1,050 4 I 990 16.95 150 IT 1,58  7 870 1,770 6 980 1,570 7 380 1,660 
22.60 200 IT 10 680 2,400 1 2  410 2,790 1 0  760 2,420 11 300 2,540 
25.99 230 IT 13 880 3,120 14 680 3,300 13 700 3.080 14 950 3.360 
iewtons I (Pounds) 
CYCLE # l  
I 
CYCLE 113 




CYCLE # l o  
i CYCLE #11 
7- CYCLE b15 
NOTBS. 
T"IT' denote* i n s t a l l a t i o n  t o q u e .  
3 Bolt-nut assembly t e s t e d  in Transducer Controls load c e l l .  
Ind ica tor .  
Tensile clamp load determined from RBI S t r a i n  
Allen Aeronuts torqued with spec ia l  Allen Spline Socket. 
TABLE NO. I1 J 2 
RgsuLTS OF 15-CWU INSTALIATION TORQUE-TENSION TESTS OF 
ALLBN SPLINE DlUVE IEALI ALLOY STEEL BOLTS WITH NEW NvfS 
SUBSTITWED AT 11TH CYCLE 
TEST CONDITION: TORQUE FBCM Nvp DESIG.4 C U n P  LMD: 24 020 Newtons ( 5,400 Pounds) 
Bolt Par t  No. : AS180-04012 Nut Par t  No.: ALLBN AERONUT 
Thread Size: 1/4-28 mm-3~ Nut Mater ia l :  STEEL 
Bolt Mater ia l :  8740  EL 
Bolt Finish: CADMIUM U T E ,  QQ-P-416, TYPE 11, CLASS 3 
Bolt SPeCiflcatlon. ALLEN MFG. CO., SPEC. Hole Size: 6.452 m ( 0.254 in . )  
Nut Finish: BARE 



















































N d  
2 
-
, -  
I 18 590 200 I T  I 4:180 
230 IT 22 550 5,070 
CYCLE 12 
200 I T  
230 IT : 4";: 1 :'% 
CYCLE 16 
100 I T  4 000 
150 IT 6 630 1,490 
200 IT 10 140 2,280 
CYCLE 110 






150 I T  
200 IT 
230 IT 
cya .g  # i s  





INDUCED CLAW LOAD 
Newtons I (Pounds) 0 Newtons I (Pound 
CYCLE 11 1 CYCLE d l  
I I 
CYCLE #Z CYCLE #2 
7 920 1,780 7 470 1,681 
12 010 2,700 11 480 2,581 
16 860 3,790 16 320 3,671 
20 590 4,630 20 330 4,511 
CYCLE 1 3  
1 730 390 1 910 43C 
5 120 1,150 4 980 1,lZC 
8 500 1 1,910 8 320 1,870 
11 880 2,670 12 370 2,78C 
15 300 3,440 15 750 3,54C 
CYCLE $5 CYCLE 1 5  
1 560 350 1 730 39C 
5 160 1,160 4 890 1.1OG 
8 180 1,840 8 010 1,800 
11 390 2,560 12 190 2,740 
15 120 3.400 15 660 3,520 
CYCLE U6 CYCLE 16 
1 510 340 1 380 310 
4 800 1,080 4 580 1,030 
7 960 1,790 7 290 1,640 
10 390 2,470 10 360 2,330 
14 810 3,330 14 590 3,280 
CYCL.E 110 CYCLE #10 
1 160 260 1 290 290 
4 310 970 4 050 910 
7 340 1,650 7 om 1 wn 
10 410 2 u n  
690 % 1 1,:; I ;z 1 1,740 
12 850 2.890 12 410 2,790 
18 150 4.080 17 930 4.030 
21 480 I 4;830 22 510 5;060 
CYCLE #15 CYCLE C15 
5 430 1,220 14TH CYCLE 
9 030 2,030 
13 210 2,970 
17 210 3 870 
Newton8 I(Pounds) 1 Newtons I (Pounds) 
CYCLE #l 1 CYCLE I1 
II 1 
CYCLE #2 CYCLE #2 
2 050 460 
7 700 1,730 
12 100 2,720 
16 150 3,630 
20 330 4,570 
CYCLE 1 3  CYCLE 83 
1 820 410 
6 OOO 1,350 
9 520 2,140 
13 390 3.010 
16 590 1 3;730 
CYCLE M I CYCLE (14 
1 510 340 
4 940 1,110 
7 810 1,770 
11 3'rO 2,550 
14 540 3,270 
1 
CYCLE C5 CYCLE #5 
CYCLE 16 CYCLE 1 6  
6 540 1,470 
10 050 2,260 
13 790 
CYCLE 110 CYCLE 110 
1 110 250 
3 870 870 
6 450 1,450 
9 920 2,230 
13 260 2,980 
CYCLE K 1 1  CYCLE C11 
1 1 
'IT' denotea i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  in Transducer Controls load c e l l .  
Ind ica tor .  Allen Aeronuts torqued with spec ia l  Allen Spl ine  Socket. 
Tensile clamp load determined from RBI S t r a i n  
2 81 
TABLE NO. I1 J 3 
RESULTS OP 15-CYCLE INSTALLATIIN TOROUE-TENSION TESTS OF 
ALLEN SPLINE DRIVE HBAD ALLOY STEEL .BOLTS WITH NEW m s  
SUBSTITLTSED AT 6TH CYCLE 
TEST CONDITION: T ~ R Q U E  ~nrm DESIGN CLMe LOAD: 24 020 Newtons ( 5,400 Pounds) 
Bol t  P a r t  No.: AS180-04012 Nut P a r t  No. : ALLEN AEROXUC 
Thread Size: 1/4-28 r n n - 3 ~  Nut Mater ia l :  STEEL 
Bol t  M a t e r i a l :  8740 STEEL Nut F i n i s h :  DRY FILM LUBE OVER CADMIUM PLATE 
Bol t  F i n i s h :  CADMIlpl PLATE, QQ-P-416, TYPE 11, CLASS 3 Washer P a r t  No.: MS 20002C4 b MS 20002-4 










































50 IT  

























I T  
I T  
I T  
IT 
I T  
IT  
IT  
I T  
SPECIMEN NO.s-~121g SPECIMEN NO. 
CYCLE #I  
1 730 1 390 
8 320 1.870 
CYCLE #2  










INDUCED CLAMP LOAD 
lewtons I (Pounds) Newtons I (Pounds 
CYCLE #l CYCLE 81 
I 
i;: 1 190 I 1 020 I 230 1,190 6 450 1,450 9 700 2.180 11 080 2.490 
16 150 3;630 17 210 3;870 
25 490 5,370 23 970 5,390 
CYCLE 13 CYCLE 13 
930 210 1 070 240 
4 580 1,030 5 690 1,280 
9 560 2,150 9 700 2,180 
17 840 4,010 16 990 3,820 
22 910 5,150 22 550 5,070 
CYCLE 114 CYCLE #4 
1 200 270 1 330 300 
4 670 1.050 5 740 1,290 
10 540 2,370 9 610 2,160 
18 280 4,110 17 080 3,840 
24 550 5,520 22 460 5,050 
CYCLE #5 ~ CYCLE #5 
1 160 I 260 1 1 510 1 340 
4 760 1,070 6 090 1,370 
9 830 2,210 9 870 2,220 
18 500 4.160 1 7  700 3.980 
25 750 I 5.790 11 24 150 1 5.430 
CYCLE 66 11 CYCLE #6 
BOLT RCKE 
9TH YCLE i: BOLT 3RCKE 8TH :%LE 
CYCLE U 1 1  CYCLE #11 
CYCLE #15 CYCLE I15 
Newtons I (Pounds) Newtons I (Pounds) 
CYCLE #I n CYCLE #I 
I II I 
17 080 3;840 
23 710 5.330 
CYCLE 64 CYCLE #4 
I 
CYCLE #5 11 CYCLE #5 
I n I 
NmES : 7'IT' denotes  i n s t a l l a t i o n  torque .  z/ Bolt-nut assembly t e s t e d  i n  Transducer Cont ro ls  load cel l .  
I n d i c a t o r .  Al len  Aeronuts to rqued  w i t h  s p e c i a l  A l l e n  Spl ine  Socket.  
















TABLE NO. 11 J 4 
RESULTS 0p 15-CYCLE INSTALLATION TORQUE-TBNSION TESTS OF 
ALLEN SPLINE DRIVg HEAD ALLOY STEEL BOLTS WITH NEW NmS 
SUBSTITWED AT llTR CYCLE 
TEST CONDITION: TORQUE ma4 ~m DESIGN CLAW LMD: 24 020 Newtons ( 5,400 Pounds) 
Bolt Par t  No.: As180-04012 Nut Part  NO. : ALLEN AERONm 
Thread Size: 1/4-28 ~ J F - U  Nut Mater ia l :  STEm 
Bolt Mater ia l :  8740 STE& Nut Finish: DRY FILM LUBE OVBR CADMIW PLATE 
Fin ish :  CADMIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 Washer Part  NO. : MS 20002C4 6 Ms 20002-4 











































200 I T  
225 IT 
100 I T  
-
50 IT 
100 I T  
150 IT 
200 I T  
225 IT -
50 I T  
100 I T  
150 I T  
200 I T  
225 IT -
50 I T  
100 IT 
150 IT 
200 I T  
225 I T  -
50 I T  
100 IT 
150 IT 
225 I T  
200 IT 
50 I T  
100 I T  
150 IT 
200 IT 
225 I T  -
50 IT 
100 I T  
150 IT 
200 IT 
225 I T  
50 IT 
LOO IT 
150 I T  
200 IT 







I SPECIMEN NOS-T1220 SPECIMEN NO.S-Tl221 SPECIMEN NO.S-Tl222 SPECIMEN NOS-Tl223 SPECIMEN NO. INDUCED 
CYCLE 111 n CYCLE 11 
I t 
18 190 I 4 : m o  II ;; 
1 650 370 ::: 1 1,;: I 7 290 1,640 
12 140 2.730 12 770 2,870 
._ 130 4,300 
2 3  440 1 5:2$0 I 23 710 5,330 - 
CYCLE #Z CYCLE #2 1 200 890 I 1 110 250 
5 830 1,310 6 320 1,420 
11 080 2,490 11 430 2,570 
17 300 3,890 17 610 3,960 
23 840 5,360 24 510 5,510 
CYCLE 63 CYCLE 1 3  
200 890 I 1 160 260 
5 200 1,170 5 120 1,150 
9 870 2,220 10 230 2,300 
16 900 3,800 17 440 3,920 
22 600 5,080 23 040 5,180 
CYCLE /14 CYCLE 114 
. 4 ::: 1 1,::: I ; ;:: I 1,: 
9 740 2.190 10 360 2.330 
15 210 3.420 16 370 3;680 
21 970 4,940 12 280 5,010 
CYCLE 1 5  CYCLE ti5 
5 030 1,130 4 800 1,080 
10 500 2,360 10 450 2,350 
CYCLE 16 
E[&: 1 1 650 370 
4 940 1,110 
9 340 2,100 
14 950 3,360 
20 950 4,710 





11 390 2,560 
17 390 3.910 
24 200 5,440 
CYCLE $3 
I 
1 250 280 
6 850 I 1,540 
11 920 2,680 
18 100 4.070 
24 380 I 5;480 
vCYCLE 14 




2 220 500 
7 030 1 1,580 
13 210 2.970 
20 990 1;720 




Newtons I (Pounds) I Newtons I (Pounds) 
CYCLE 111 CYCLE I1 
I n I 
1 690 380 I 
8 010 1,800 
13 120 2,950 
18 590 4,180 
23 220 5,220 
CYCLE 112 CYCLE 1 2  
1 200 270 
6 850 1,540 
12 010 2,700 
18 010 4,050 
23 490 5,280 
CYCLE C3 CYCLE +3 
CYCLE 114 
I 




CYCLE 16 CYCLE 16 
9 960 2,240 
15 970 3,590 
22 200 4 990 
'IT' denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  in Transducer Controls load c e l l .  
Ind ica tor .  Allen Aermute  torqued with special Allen Spline Socket. 




TABLE NO. I1 J 5 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
ALLEN SPLINE DRIVB HEAD ALLOY STEEL BOLTS WITH NEW NVPS 
SWSTITmED AT 6TH CYCLE 
TEST CONDITION: TORQUE pRcM 
Bolt Par t  No. : AS180-04012 
Thread Size: 1/4-28 m m - 3 ~  
Bolt  Mater ia l :  8740  ST^ 
Bolt F in ish :  CADMIUM PLATE, 9Q-P-416, TWE 11, CLASS 3 


























: i n - l b f )  
50 IT 
100 I T  
150 I T  
200 IT 




200 I T  
300 IT  -
50 IT 
100 IT 
150 I T  
200 I T  
300 IT -
50 I T  
100 IT 
150 I T  




150 I T  
200 I T  
300 I T  -
50 I T  
100 IT 
150 IT  
200 IT 
300 I T  -
50 I T  
100 I T  
150 I T  
200 IT 
300 I T  -
50 IT  
100 IT 
150 IT  
200 IT  
300 IT 
50 IT 
100 IT  
150 I T  
200 IT  
IT -
INDUCED 
Newtons I (Pounds + 
60 
810 






CYCLE 114  





14 320 3,220 
9 340 2,100 
CYaE #io 
3 200 
10  360 1 2;330 
 
CYCLE #15 
1 470 I 33C 
Newtons 1 (Pounds 
--?- 
1 160 260 
4 580 1,030 
7 700 1 1,730 
11 740 2,640 
18 330 4,120 
CYCLE #2 
3 98:: I ::: 
6 140 1.380 







2 E I 630 
5 250 1.180 
7 290 1 640 
CYCLE 1/5 
12 500 I 2i810 
 
160 { 1 630 
7 030 1.580 
1,110 
11 790 I 2;650 
CYCLE #6 
11 790 2;650 
17 930 I 4,030 
CYCLE #10 
I 
1 330 300 
3 200 720 
5 120 1 1,150 
6 940 1,560 
11 390 2.560 
I -  
CYCLE #11 
DESIGN CLAW LOAD: 24 020 Newon. ( 5.400 Pounds) 
Nut Par t  No. : ALLEN AERONW 
Nut Mater ia l :  STEEL 
Nut Finish: 
Washer P a r t  No.: MS 20002C4 6 MS 20002-4 
Hole Sire: 6.452 m ( 0.254 in.) 
CADMIUM PLATE, TYPE, 11, CLASS 3, QQ-P-416 
n W 
SPECINEN NOS-T1226 SPECIMEN NOS-T1227 SPECIMEN NO. 
W LOAD 
490 1 ;:: 1 440 1 , ~ 
3 340 2 760 
5 690 1,280 5 120 
7 610 1,710 7 340 _,"~" 







21  - 'IT' denotes i n s t a l l a t i o n  torque. Bolt-nut assembly tea ted  i n  Tran8dueer Controls load c e l l .  
Ind ica tor .  Al len  Aeronuts torqued wi th  s p e c i a l  Al len  Spl ine  Socket.  
Tens i le  clamp lcad determined frw RBI S t r a i n  
284 
TABLE NO. 11 J 6 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
ALLEN SPLINE DRIVE HBAD ALLOY STEEL BOLTS WITH NEW NmS 
SUBSTITWED AT llTH CYCLE 
TEST CONDITION: FROM DESIGN CWLElp LOAD: 24 020 Newton9 ( 5,400 Pounds) 
Bolt Part  No.: ~5180-04012 Nut Part  NO.: ALLEN A E R m  
Thread Size: 1/4-28 ~ n - 3 ~  Nut Mater ia l :  STEEL 
Bolt Mater ia l :  8740 STEEL Nut Finish: BARE 
Bolt  F in ish :  WIDM ~ T E ,  Q9-P-416, TYPE 11, CLASS 3 
Bolt SPeCifLCatlOn. ALLEN MpG. CO., SPEC. Hole Size: 6.452 m ( 0.254 in . )  



















































200 I T  




200 I T  
300 I T  
50 IT 
100 IT 
150 I T  
200 I T  
300 IT -
50 I T  
100 IT 
150 IT 





200 I T  
300 IT 
50 IT 
100 I T  
150 IT 









SPECIMEN NO$-Ti228 SPECIMEN NOS-Tl229 SPECMEN NOS-T1230 SPECIMEN NOST123 
Newtons -















3 3 4 0  
5 740 
7 740 
















































































INDUCED C W  LOAD 
Newtons I (Pounds) 1 Newtons 1 (Pounds)I Newtons ICPounds) Newtons 
I I1 I 1 1 11 
CYCLE ill I CYCLE #I I CYCLE #I n CYCLE 
710 160 1 930 1 210 1 440 1 if: I 
, 
4 050 910 5 030 1,130 3 870 
7 340 1,650 8 180 1,840 7 380 1,660 
10 630 2.390 11 610 2,610 11 080 2,490 
18 010 4,050 18 550 4,170 16 590 3,730 
CYCLE X2 CYCLE 112 CYCLE I2 CYCLE 
760 170 890 200 710 160 
3 560 800 3 830 860 3 740 840 
5 870 1,320 6 450 1,450 5 960 1,340 
8 230 1,850 9 120 2,050 8 450 1,900 





CYCLE f 3  11 CYCLE 113 1 CYCLE 63 
580 130 890 200 440 100 
3 200 720 3 200 720 3 200 720 
5 340 1,200 5 340 1,200 5 250 1,180 
7 700 1,730 7 780 1,750 7 830 1,760 
13 260 2,980 1 3  660 3,070 13 740 3,090 
CYCLE 64 CYCLE #a CYCLE #4 CYCLE 114 
1 I I 1 1 1 
530 120 850 190 440 100 
650 i;: I 670 2 890 650 2 890 1,14 4 850 1,090 4 800 1,080 
7 070 1,590 7 210 1,620 7 160 1,610 
12 320 2,770 12 190 2,740 12 530 2,830 
CYCLE #5 CYCLE 15 CYCLE 85 CYCLE 115 
620 140 800 180 400 90 
2 890 650 2 890 650 620 
4 800 1.080 4 850 1,090 i;: 1 1,000 
6 720 1,510 7 290 1,640 6 630 1,490 
11 740 2,640 12 050 2.710 11 700 2.630 
CYCLE #6 11 CYCLE #6 CYCLE X6 I CYCLE 66 
I I n 1 n 
NmES: 
- 21 
'IT' denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  in Transducer Controls load c e l l .  
Ind ica tor .  
Tensile clamp load determined from RBI Strain 












TABLE NO. I1 J 7 
BBSULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
ALLEN SPLINE DRIVE HEAD ALLOY STEEL BOLTS WITH NEW W S  
SUBSTITTlfiED AT 6TH CYCLE 
TEST CONDITION: TORQUE FROn W DESIGN CLAMP LOAD: 102 300 Newton. ( 23,000 Pounds) 
Bolt Part  No.: AS180-08024 Nut Par t  No.: ALLEN AERONUl 
Thread Sire: 1/2-20 uNm-3~ Nut Mater ia l :  STEEL 
Bolt  Mater ia l :  8740 STBBL Nut Finish: BARE 
Bolt F m i s h :  CAtE4IIpI F'LATE, 99-P-416, TYPE 11, CLASS 3 
Bolt Specification: ALLEN WFG. CO., SPEC. Hole Size: 12.827 m ( 0.505 in . )  






40.67 360 I1 
81.35 720 I1 
135.58 1200 I1 
176.26 1560 I1 
223.71 1980 11 









223.71 1980 I1 + 
360 I T  
720 I T  
1200 IT 
1560 I T  
81.35 720 IT 
135.58 1200 IT 
176.26 1553 IT 
223.71 1980 IT -! 
40.67 360 IT 
81.35 720 I T  
135.58 1200 I T  
176.26 1560 IT 
223.71 1980 I T  c
223.711 1980 IT 
(I n " 
Newtons (Pounds 
CYCLE 81 
SPECIMEN NOST1232 SPECIMEN NOS-T1233 SPECIMEN NOS-TU34 SPECIMEN NOS-TU35 SPECIMEN NO. 
INDUCED CLAMP LOAD 
Newtons I (Pounds) 11 Newtons I (Pounds) I Newtons I (Pounds) 1 Newtons I (Pounds) 
CYCLE #I  n CYCLE $1 I CYCLE 11 )I CYCLE I1 
I 
4 540 1,020 
17 660 3,970 
39 630 8,910 
76 240 17,140 
103 550 23.280 
CYCLE X2  
68 280 15'350 





12 450 2,800 
32 110 7,220 7 69 CYCLE 790 X6 15 690 45 280 10,180 
CYCLE # lo  
CYCLE #11 
.. _.. 
13 430 3,020 
32 340 7,270 
68 500 15.400 







CYCLE & CYCLE (2 
4 850 1,090 5 070 1,140 4 450 1,000 
1 7  660 3,970 18 990 4.270 17 080 3,840 
40 210 9,040 43 280 9,730 42 120 9,470 
67 700 15,220 69 030 15,520 66 630 14,980 
87 180 19,600 89 540 20,130 91  270 20,520 
CYCLE #3 CYCLE 13 I CYCLE #3 CYCLE 113 
1 I I I 
4 580 I 1,030 1 4 490 1 1,010 I 4 360 1 980 1 1 16 010 3,600 14 680 3,300 14 500 3,260 39 450 8,870 41 680 9,370 40 880 9,190 57 470 12.920 57 330 12.890 56 620 12.730 
81 220 I 18;260 80 600 I 18;120 83 840 1 18;850 
CYCLE 14 CYCLE #4 CYCLE #4 CYCLE #4 
4 360 980 4 360 980 4 270 960 
14 720 3,310 13 970 3 i m  11 
35 140 7.5 
~ 
CYCLE 1 5  II CYCi 
I 
4 360 980 4 400 990 140 I 930 
12 630 2,840 12 140 2.730 11 920 2,680 
33 050 7,430 31 980 7,190 32 290 7,260 
47 420 10,660 45 810 10,300 46 040 10,350 
69 610 15,650 70 590 15,870 70 680 15,890 
6 320 1,420 5 920 I 1,330 6 450 1,450 
18 590 4,180 17 790 4,000 16 990 3,820 
39 410 8,860 40 210 9,040 38 830 8,730 
5d 220 12,190 55 910 12,570 53 240 11,970 
80 290 18,050 78 020 17,540 76 370 17,170 
CYCLE U 1 1  CYCLE c11 . CYCLE Z l l  CYCLE 111 
1,050 4 400 990 4 540 1,020 
14 460 3,250 14 060 3,160 12 590 2,830 
32 870 7,390 33 230 7,470 32 650 7,340 
70 990 15,960 69 340 15,590 67 880 15,260 
50 570 11,370 50 480 11,350 so 750 11,410 
CYCLE X15 CYCLE X15 CYCLE #15 
4 6 7 0  I 
C Y U E  115 
I 
3 250 730 2 940 660 3 340 750 
14 100 3,170 14 230 3.200 12 450 2,800 
32 690 7,350 33 320 1,490 33 400 1,510 
47 680 10,720 49 060 11,030 47 280 10,630 
65 520 14,730 61 740 13.880 62 670 14.090 
NOTES * 
T ' * I T t  denotes i n s c a l l a t i o n  torque. 
ZJ Bolt-nut assembly t e s t e d  i n  Transducer Cantrola load c e l l .  
Ind ica tor .  
Tensile clamp load determined from BBI Strain 




TABLE NO. 11 J 8 
I I1 I1 ,I 
RESULTS OF 15-CYCLE INSTALLATION TCCLQUE-TENSION TESTS OF 
ALLEN SPLINE DRIVE HEAD ALLOY STEEL BOLTS WrPH NEW NVPS 




TEST CayDITION: TORQUE FRU4 NUT DESIGN CLMp LMD: 102 300 Newtons (23,000 Pounds) 
Bolt Part  NO.: AS180-08024 Nut Part  NO.: ALLEN A ~ O N I ~  
Bolt Material: 8740 STE&I 
Bolt F in ish :  CADHIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion .  ALLEN MFG. CO., SPEC. Hole Size: 12.827 m ( 0.505 i n . )  
Thread Size: 1/2-20 wrn-3~ Nut Mater ia l :  STEEL 
Nut F in ish :  BARE 































360 I T  
720 IT 
1200 I T  
1560 IT 
1980 IT 




1980 I T  __ 
360 IT 
720 I T  
1200 IT 
1560 I T  
1980 IT -
360 I T  
720 I T  
1200 IT 
1560 I T  
1980 I T  -
360 IT 
720 IT 
1200 I T  
1560 I T  
1980 I T  
360 I T  



















Newtons (Pounds - SPECIMEN NOST1236 SPECMEN NOS-Tl237 SPECIMEN NOS-T1238 SPECIMEN N0.S-T1239 SPECIMEN NO. INDUCED CLAW LOAD Newtons I (Pounds)! Newtons I (Pounds) I Newtons \(Pounds CYCLE I1 CYCLE #I I CYCLE # l  I I I 




58 890 13 240 
78 510 I 17i650 
CYCLE #4 






26 070 5,860 




53 240 11;970 
67 790 I 15.240 
4 630 1 1,040 I 4 090 1 3,:2 I 4 540 1 1,020 
18 550 4,170 1 7  350 17 970 4,040 
44 210 9,940 38 030 8,550 41 460 9,320 
74 900 16,840 77 480 17,420 75 350 16,940 
101 950 22,920 101 190 22,750 104 310 23,450 
CYCLE #2 11 CYCLE #2 1 CYCLE #2 
4 450 1,000 1 4 360 I ,,:,"," 4 360 980 
16 100 3,620 14 860 3,340 15 350 3,450 
39 050 8.780 40 740 41 280 9,280 
59 380 13,350 58 180 13,080 56 930 12,800 
77 970 17,530 80 550 18,110 79 490 17,870 
__  CYCLE #4 CYCLE 14 CYCLE #4 
4 270 4 310 1 9 50 
11 790 2,',:," 1 1; $:," I 2.750 I/ 31 540 I 7.090 31 890 7.170 :: % I 
45 280 10;180 47 550 101690 44 880 10;090 
66 590 I 14.970 70 370 15.820 67 740 15.230 -
CYCLE #6 
11 340 2,550 11 970 
29 890 6,720 32 110 
42 170 9,480 46 970 
65 070 14 630 70 190 
CYCLE #lo CYCLE 
3 780 4 710 
11 030 2,480 12 680 
28 650 6,440 33 230 
41 140 9,250 46 930 
63 960 14,380 66 900 
CYCLB C l l  CYCLE 
CYCLE (16 *
0 CYCLE il l0 
n I 
860 i:: I :l $: 1 2,600 
7.470 7.050 I 42 390 I 110;550 9;530 
15,040 64 760 14,560 
CYCLE 111 
Newtons 1 (Pounds; 









1- CYCLE 115 
T n I T q  denotes i n s t a l l a t i o n  torque. 
21 - Indica tor .  Allen AeroDuts torqued with apec ia l  Allen Spl ine  Socket. Bolt-nut assembly t e s t e d  in Transducer Controls load c e l l .  Tens i le  clamp load determined from RBI S t r a i n  
287 
TABLE NO. 11 J 9 
RESULTS OF 15-CYCLE INSTALLATION TOP.QUB-TENSION TESTS OF 
ALLEN SPLINE DRIVE BEAD ALLOY STEEL BOLTS UITR WEW m S  
SUBSTITUI'BII AT 6TH CYCLE 
DESIGN CUIMP LMD: 102 300 Newtons ( 23,000 Pounds) TEST CCNDITION: TORQUF, FWX NlJr 
Bolt Part  No. : As180-08024 
Thread Size: 1/2-20 m m - 3 ~  Nut Mater ie l :  STEEL 
Bolt Mater ia l :  8740 STEEL Nut F in ish :  DRY FILM LUBE OVER CADMIUM PLATE 
Bolt Finish: CADMIUM PLATE, QQ-P-416. TYPE 11, CLASS 3 
Bolt SPeClflCatlon. ALLEN WPG. CO., SPBC. Hole Size: 12.827 m (0.505 in . )  
Nut Part  NO.: ALLEN ABRONUT 



































1560 I T  66 900 15;040 
2280 I T  11102 390 I 23.020 
CYCLE #2 
360 I T  
720 IT 20 680 4,650 
1200 I T  41 900 9,420 
1560 IT 58 710 13,200 
2280 I T  97 460 21.910 
CYCLE #3 
360 I T  4 490 1,010 
720 I T  11 17 040 1 3,830 
1200 I T  37 140 8.350 
1560 I T  56 000 12 590 
2280 IT 11 85 360 1 19.190 
11 CYCLE u4 
I 
360 I T  3 560 
CYCLE #ll 
I 
Newtons 1 (Pounds) ( Newtons 1 (Pounds) 
CYCLE #1 CYCLE #1 
4 400 990 4 310 970 1 23 530 23 710 5,330 5,290 
50 130 11,270 52 750 11,860 
66 540 14,960 67 080 15,080 
02 930 23,140 103 550 23,280 
CYCLE #2 CYCLE 112 
4 400 990 5 830 1,310 
21 930 4,930 21 040 4,730 
43 410 9,760 41 990 9,440 
60 540 13.610 58 980 13,260 
98 660 22,180 93  270 20,970 
CYCLE #3 CYCLE 1 3  
4 400 990 5 430 1,220 
18 590 4,180 16 720 3,760 
38 920 8,750 36 070 8,110 
89 270 20,070 82 380 18,520 
56 890 12.790 57 870 13,010 
CYCLE 14 CYCLE it4 
4 270 I 960 
7,420 
CYCLE #5 
4 180 940 4 140 930 
15 030 3,380 1 3  740 3,090 
31 940 7,180 29 180 6,560 
43 060 9,680 42 030 9,450 
78 550 17.660 74 550 16.760 
CYCLE 66 CYCLE #6 
7 160 1,610 6 850 1,540 
28 650 6,440 28 020 6,300 
$9 860 11,510 50 480 11,350 
65 790 14,790 65 740 14,780 
98 480 22,140 95 940 21,570 
I 1 
CYCLE #10 CYCLE 610 
3 870 4 000 9 00 
CYCLE 111 1 CYCLE #I1 
3 600 810 3 250 730 
11 120 2,500 12 010 2,700 
25 260 5,680 25 710 5,780 
36 650 8,240 36 430 8,190 
66 410 14,930 70 140 15,770 
CYCLE #15 CYCLE #15 
3 560 800 3 250 7 30 
11 120 2,500 12 010 2,700 
24 330 5,470 25 310 5,690 
34 470 7,750 34 780 7,820 
63 470 14,270 64 140 14,420 
o: 18 25 090 5,640 49 240 11,070 66 190 14,880 22,940 1,030 I 1 
CYCLE #2 CYCLE #2 
4 490 1.010 
20 420 4,590 
42 570 9,570 
57 690 12,970 
96 660 21,730 
CYCLE 83 CYCLE 83 
1 1 1 
35 940 
CYCLE #4 CYCLE 114 















CYCLE #6 CYCLE #6 
CYCLE # l o  I CYCLE 110 
1 1 1 
1 CYCLE #I 7 69 030 I 15;520 CYCLE bll 24 550 I 5:520 35 720 8,030 65 210 14,660 CYCLE 315  ~ 
3 650 820 
11 830 2,660 
26 240 5,900 
35 500 7,980 
,  
11 
3 560 800 
11 340 2,550 
,  
#  CYCLE #15 
1 1 
: 
' IT'  denotes i n s t a l l s t i o n  torque. 
Bolt-nut assembly t e s t e d  i n  Transducer Controls load c e l l .  
Ind ica tor .  
Tensile clamp load determined f r w  BBI S t r a i n  
Allen Aeronuto torqued with epeeis1 Allen Spl ine  Socket. 
288 
TABLE NO. 11 J 10 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
ALLEN SPLINE DRIVE HEAD ALLOY STEEL BOLTS WITH NEW NWS 
SUBSTITWED AT 11TR CYCLE 
TEST CONDITION: ToRQUB p ~ w  rn DBSIols CLAMP L M D :  102 3 ~ )  pleutcms ( 23,000 Pounds) 
Bolt Part  No.: ASl80-08024 N u t  Part NO.: ALLEN A E R W  
Thread Size: 1/2-20 uNJF-3A 
Bolt Mater ia l :  8740 STEEL Nut Finish: DRY FILM LUBE OYW CADnIlM PLATE 
Bolt F i n i s h :  CAlplIIpl PLATE, 99-P-416, TWE 11, CLASS 3 
Bolt Soec i f lca t lon :  ALLEN EIPG. CO., SPEC. Hole Size: 12.827 m ( 0.505 ~ n . )  
Nut Mater ia l :  STEEL 
Washer Par t  No.: EIS 20002C8 6 MS 20002-8 
40.67 360 I T  
81.35 720 I T  
135.58 1200 I T  
I SPECIMEN N0.S-7'1246 SPECIMEN N0.S-T1247 SPECIMEN NO. 
Newtons I (Pounds: 
CYCLE # l   
1,440 
25 660 5,770 
4," zl 1 11,160 
67 210 15,110 
101 410 22.800 
CYCLE 12 v




16 410 3,690 
34 340 7,720 
48 790 10,970 






37 140 Si350 





15 660 3,520 
3 1  I 7,240 
42 660 9,590 
77 220 17,360 
INDUCED CLAMP LOAD 
Newtons I (Pounds) Newtons t (Pounds) Newtons I(Pounds) ! Newtons 1 (Pounds) 
CYCLE X 1  CYCLE 11 CYCLE $11 CYCLE ill 
5 740 1.290 I 4 400 990 4 670 1.050 
CYCLE #2 CYCLE 12 CYCLE 12 CYCLE 12 
I 
4 980 1,120 4 360 980 5 560 1,250 
21 040 4,730 20 420 4,590 21 840 4,910 
42 430 9,540 41 320 9,290 42 390 9,530 
58 140 13.070 59 380 13,350 60 180 13,530 
97 460 21.910 97 280 21.870 93  190 20.950 
1,580 7 700 1,730 7 780 1,750 
6,180 28 820 6,480 27 890 6,270 
11,430 50 710 11,400 49 950 11,230 
15,220 66 100 14,680 65 920 14,820 
21,730 100 300 22,550 97 590 21,940 
CYCLE #15 CYCLE 115 CYCLE # l5  CYCLE 115 
I I I 
NOlES. 
T * * I T '  denotes i n s t a l l a t i o n  torque. 
21 Bolt-nut assembly t e s t e d  i n  Transducer Controls 
Indica tor .  Allen Aeronuts torqued w i t h  spec ia l  
load c e l l .  Tens i le  $lamp load 
Allen Spline Socket. 
determined from BBI strain 
289 
TABLE NO. 11 J 11 
RESULTS OF 15-cycLE INSTALLATION TORQUB-TENSION TESTS OF 
ALW SPLIWE DUIVE XBhD ALLOY STBBL BOLTS WFPH NEW NUE 
SUBSTITUlXD AT 6TH CYCLE 
TEST CONDITION: ~ c a c ~ ~  p ~ o n  DESIGN CLAW LMD: 102 300 Newtom ( 23,000 Pounds) 
Bolt Part No.: AS180-08024 Nut Part No. : m R m  
Thread Size: 1/2-20 m n - 3  Nut Material: STEEL 
Bolt Material: 8740 S T ~  Nut Finish: CADUIM PLATE, 9Q-P-416, TYPE 11, CLASS 3 
Bolt Finish:  CADMIUM PLATE, w-P-416, TYPE 11, CLASS 3 
Bolt Specification. ALLEN MFG. CO., SPEC. Hole Size: 12.827 ram ( 0.505 in.) 
Washer Part No. : MS 20002C8 h MS 20002-8 
40.67 360 I T  
81.35 720 I T  
135.58 1200 I T  
176.26 1560 I T  
338.96 3000 I T  
40.67 360 I T  
81.35 720 I T  
135.58 1200 I T  
176.26 1560 I T  
338.96 3000 I T  
40.67 360 I T  
81.35 720 I T  
135.58 1200 I T  
176.26 1560 I T  L338.96 3000 I T  
40.67 360 I T  
81.35 720 I T  
135.58 1200 I T  
1 560 350 400 1 780 400 340 
6 580 1,480 % 1 1,500 6 490 1,460 1 1,530 
14 630 3,290 14 860 3,340 13 740 3,090 15 610 3,510 
20 370 4,580 20 990 4,720 19 970 4,490 20 640 4,640 
55 910 12,570 59 470 13,370 55 510 12,480 54 090 12,160 
CYCLE #5 CYCLE 115 CYCLE #5 CYCLE 115 
1 690 380 1 870 420 1 910 430 1 600 360 
6 580 6 490 1,460 6 760 1,520 6 760 1,520 
14 900 \$$I 14 810 3,330 14 100 3,170 15 520 3,490 
20 950 4,710 20 990 4,720 20 240 4,550 20 460 4,600 
53 380 12,000 57 110 12.840 52 890 11.890 . 42 220 11.740 
CYCLE 16 CYCLE #6 CYCLE 16 CYCLE 16 
10 630 2,390 12 100 2,720 12 500 2,810 11 920 2,680 
26 600 5,980 28 160 6,330 29 450 6,620 28 960 6,510 
37 720 8,480 40 120 9,020 40 790 9,170 39 450 8,870 
89 720 20,170 92 650 20 830 89 320 20 080 88 030 19 790 
CYCLE #10 
1 470 1 330 1 =.fin 1 110 





--. .-. 6 760 1 1,520 7 120 1,600 , 10 6 980 1.570 
3,170 14 900 3,350 3,400 17 040 3,830 
4,820 22 730 5,110 4,940 23 840 5,360 
12,970 61 650 13,860 12,780 55 420 12,460 
CYCLE 111 CYCLE 111  X11 CYCLE tll 
I I I I I 
1 380 310 300 1 420 320 1 420 320 
6 140 1,380 :2: 1 1,430 6 230 1',400 6 980 1,570 
14 230 3,200 14 630 3,290 14 680 3,300 16 640 3,740 
20 680 4,650 21 260 4,780 20 990 4,720 22 460 5,050 
53 290 11.980 56 620 12,730 53 110 11,940 52 840 11,880 
CYCLE #15 
- 
CYCLE 115 CYCLE C15 CYCLE X15 
SEVERE GALLING 1 510 340 1 420 320 SEVERB GALLING 
14TH CYCLE 6 580 1,480 6 410 1,440 12TH CYCLE 
14 990 3,370 14 770 3,320 
21 3 M  4,800 21 170 4.760 
51 460 11,570 49 150 11,050 
CYCLE 111 7- L
CYCLE C2 









1- CYCLE U15 
y t I T t  denotes installation torque. 
a Bolt-nut assembly tes ted  in Transducer Controls load c e l l .  
Indicator. 
Tensile clamp load determined from RBI Strain 
Allen A e r o w t s  torqued with apecial A l l e n  Spline Socket. 
2 9 0  
TABLE NO. 11 J 12 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
SUBSTITl7tED AT 11TB CYCLE 
ALLEN SPLINE DRIVE IEM) ALLOY STEEL BOLTS WITH NEW NWS 
TEST CONDITION: TORQUE FRCM NVI 
Bolt Part  No.: AS180-08024 
Thread Size: 1/2-20 --3A 
Bolt Mater ia l :  8740 STEgL 
Bolt F in ish :  cAmI~4 PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion .  u r n  w p ~ .  co., SPEC. 
DESIGN CUElp LOAD: 102 300 Newtons ( 23,000 Pounds) 
Nut Par t  No. : ALLEN AERONLV 
Nut U s t e r i a l :  STEEL 
Nut F in ish :  
Washer Part NO.: MS 20002C8 h MS 20002-8 
CADMIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Hole Sire: 12.827 m ( 0.505 in.) 
40.67 360 IT 
81.35 720IT 
135.58 1200 IT 
176.26 1560 I T  
338.96 30001T 
40.67 360 I T  
81.35 7201T 
135.58 1200 IT 
176.26 1560 I T  i 338.96 30W IT 
360 IT 
I 40.67 360 IT 
81.35 720 I T  
135.58 1200 IT 
176.26 1560 I T  
338.96 3000 IT  
SPECIMEN N0.S-T1254 SPECIMEN NO.S-Tl25 
INDUCED 
Newtons 1 (Pounds) 11 Newtons 1 (Pounds) 
CYCLE #1 11 CYCLE #I  
I 1 1 250 1 1 330 1 300 280 
10 010 2,250 9 470 2,130 
26 600 5,980 2 490 5,600 
38 390 8,630 38 790 8,720 
96 430 21,680 92 740 20.850 
CYCLE #2 CYCLE 1 2  
1 510 1 340 340 
7 520 1,690 1,560 
17 080 3,840 16 320 3,670 
25 000 5,620 24 420 5,490 
69 030 15,520 65 870 14,810 
CYCLE !3 CYCLE (3 
I ::: 1  I  II 1 510 I u n  I 6 940   I I ,;bO ,    ,  ,    ,  ,    ,  
i: I 350 1 650 370 1,630 6 670 1,500 
16 010 3,600 15 170 3,410 
22 770 5,120 20 770 4,670 
68 770 15,460 61 960 13,930 
CYCLE #4 CYCLE 84 
1 470 330 1 690 380 
6 760 1,520 6 540 1,470 
15 300 3,440 14 140 3,180 
21 220 4,770 20 100 4,520 
61 830 13,900 56 890 12,790 
CYCLE X5 CYCLE #5 1 1 690 1 470 I ,330 1 (380 6 630 1,490 6 540 1,470 15 120 3,400 13 970 3,140 20 860 4,690 20 020 4,500 60 670 13 640 54 620 12 i  
CYCLE #6 CYCLE #6 
1 560 350 1 780 400 
6 670 1,500 6 490 1,460 
15 260 3,430 14 100 3,170 
20 820 4,680 20 550 4,620 
61 200 13,760 53 150 11,950 
CYCLE #10 CYCLE # l o  
1 650 370 1 9 1 0  430 
6 670 1,500 6 720 1,510 
15 430 3,470 14 460 3,250 
21 040 4.730 20 860 4,690 
62 050 13,950 56 310 12,660 
I I 
CYCLE #11 CYCLE 111 
1 780 320 
ii ;zt I 1 1:’:;: 1 2,730 29 620 6,660 39 630 39 540 8,890 88 380 19.870 90 380 20.320 
CYaE #15 CYCLE 115 
8 320 1,870 8 980 2,020 
19 130 4,300 20 590 4,630 
34 780 7,820 37 230 8,370 
65 250 14.670 71 350 16,040 
SPECIMEN N0.S-T1255 SPECIMEN NO. 
Hp LOAD 
Newtons 1 (Pounds 
CYCLE # l  
9 830 1 
24 780 
38 880 8,740 












Newtons I (Pounds 
CYCLE # l  
CYCLE 1 3  I 
CYCLE #4 
410 ::: 1 1,630 
15 830 3.560 





CYCLE # l o  
CYCLE 111 
I 
Newtons I (Pounds) 
CYCLE # l  
7- 
CYCLE 82  
1 
CYCLE #3 






‘IT’ denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  i n  Transducer Controls load c e l l .  
Ind ica tor .  
Tens i le  clamp load determined from RBI S t r a i n  
Allen Aeronuti torqued with spec ia l  Allen Spline Socket. 
CYCLE tll 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































T A B U  NO, IIIC 1 
WSULTS OF DOUBLE SHEAR STRENGTH TESTS OF BAC 
B 3 m  SERIES EX!tXWAL WBE#CHflJQ BEAD 6A1-4V 
TITANIUM ALLOY 160 S I  BOLTS 
?--- -------- -- .__. --I -- --_*-- Tp----f -I.--- _- 
I 1 Xmfnel  1 Shank 
I 
BAC B30MB6C24 1 3/8-24 9.5@ 
I' ' 9.501 I1 
I 1  j 9,49. 




l' I 9.49: 
1/2-20, 12.66: 
" 12.67: 
If 1 12.67( 


















.2493 ' 46 440 









.49 88 . 49 88 
.4988 































N w s s :  
.L I/  External wrsnching head bolt fabricated from bAl-4V titanium a l l e y  and furnirhad 
cadmium plate f in i eh  per QQ-P-416, Type If, C h a s  3 .  Bolt8 conform t o  Beefng 8tsa 
QAP P?ruP 




















U l Y  48d-m. 
Daublr shear t e s t s  performed on bolts previouily subjected to  teneile strength -~ 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































22.60 j i 6 m  
20 , 25 
33.90 
39.54 
0 I I  0 
50 !: 3 670 
100 8 850 
150 12 680 
200 11 16 550 
250 1; 19 880 
300 22 240 
350 ! 24 330 
w . 3 7  1 375 1; 24 30 
I 














,036i .0014 1 3 340 
.0761 .0030! 8 500 
,132j .0052 ’ 13 480 
,1571 .0062/ 17 640 
,183’ ,00721 20 950 
,218 .0086 1 22 640 
,3351,0132 1 25 000 
































’ 1 8s 
in. } 












Bolts teated i n  Transducer Controls load c e l l .  Induced load monitored with RBI *train 
indicator. Specimen torqued to  value noted and b o l t  elongatton measured with 8pechBll 
s t i l l  in  load ce l l ,  - 2/ Prevailing locking torque of H23-4 nut8 noted a8 follwws: 
Specimen No. T-T117 - 1.36 N-m (12 Ibf-in) 
T-Tll8 1.58 N-m (14 lbf-in) 
TIT119 - 1.13 N-UI (10 Ibf-in) 
T-T120 - 1.69 N-m (15 1bE-la) 
0 
TABLE NO, I11 H 2 
RESULTS OF TORQUE-LOAD-ELONGATION TESTS OrE BAC 
B30MR EXTERNAL WRXNCHIX flEAI) 6A1-4V TZTANIUM ALLOY BQLTS 0 
TEST CONDITION. TORQUE FRCM BOLT HEAD HOLE SIZE: 6.452 mar (0.2% h.) 
BOLT PART NO, BAG B30MR4C11 NTE PART NU, : 1123-4 
THIILAD SIZE. 1/4-28 UNJF-3A NUT MATEWXAL. AMs 6304 STEEL 
BOLT FUTERIAL . 6Al-4V TITANIUM ALLOY raVr FDKfSEi: DRY IIUf LUBE OVea CAD 
0 
2 6 2 0 ,  OI 590 
8 5601 1925 














INDUCED L M D  
18 9701 4265 
22 2401 5000 
24 380’  5480 


















B R W  
















Bolts tested i n  Transducer Controls l o r d  cell, Induced load monitored with RBI a t t a i n  
indic6tot. Specimen torqued t o  value noted and bolt alangation measured with apeciatea 
a t i l l  i n  load c e l l .  
R e v a i l i n g  locking torque of EI23-4 nuts noted ail fo l lovea  
-
Specimen No. TmT121 - 1.81 N-m (16 lbf-in) 
T-T122 - 1,58 W-m (14 lbf - in)  
T-T123 - 1.58 N-m (14 lbf-in) 
T-TL24 - 1.36 Nlm (12 lbf-in) 
TABLE NO, 111 H 3 
RESULTS OF TORQUE-LOAD-ELONGATION TESTS OF BAC 
B 3 m  EXTERNAL WRENCHING IBAD 6A1-4V TITANIUM ALLOY BOLTS 0 
TEST CONDITXQH. TORQUE FRW NUT HOLE SIZE: 12.827 aim (0.505 i n , )  
BOLT PART NO,: BAC B30MR8C32 NUT PART 80.: H20-8 
TuREAD SIZE;  1/2-20 UNJF-3A Nl3" FATERIAL* AMs 6304 STEEL 
BOLT' MATERIAL: 6A1-4V TITANIUM ALLOY ElzTT FRSISN: DRY FILM LUBE OVER CAD PLATZ 




t i  
0 io.ooj .oooo 
6950 ; .18 .0071 
11870 1 .267 .0105 
14700 ! .323 .0127 
1933q j .401 .Of58 
1 / 1 1  
.II 21 
Bolts t e8 t 
Indicator.  
r t i l l  i n  1 





































Specimen torqued t o  value noted end b o l t  elongation measured with spec 
oad c e l l .  























Specimen No. T-Tl21 - 9.04 N-m ( 80 l b f - i n )  
T-T122 - 12.43 N-ru (110 l b f - i n )  
T-T123 - 8.47 N-m ( 75 l b f - i n )  
T-T124 - 10.17 N-m ( 90 l b f - i n )  
0 
RESULTS OF TORQUE-LOAD-ELONGATION TESTS OF BAC 
B3OMR WTERNAL WRENCHING HEAD 6A1-4V TITANIIM ALLOY BOLTS 
TEST CONDITIW. TORQUE FROM BOLT HEAD HOLE SIZE: 12.827 mm (0.505 in . )  
BOLT PART NO, BAC B30MT8C32 NUT PART NO.: H20-8 
TEiRehD SUE.  1/2-20 UNJF-3A lrIvT HATERIAL: ANS 6304 STEEL 
BOLT MATERIAL 6Al-4V TITANIW ALLOY Nvp FINISH: DRY FILM LUBE Ovf3W CAD PLATE 
bJBSI.fER P.UCT NO,$ MS 20002 
271.16 2400 
I 
1 I i ! i  - 
32 510 7310i .211i ,0083 
65 250 14670. .335! .0132 
74 680 1 16790; .4341 ,,0171 
89 070 20025; .SO31 ,0198 
98 390 1 22120i .5311 .0209 





31 9801 7190 
51 290 11530 
60 1801 13530 
68 500, 15400 
75 3901 16950 












- SPECDSEH NO, T-2127 
INDUCED 

















600 1 32 830 7380 










0.000 I .oooo i 
sted i n  Transducer Controls l a e d  cell. Induced load monitored with RBI Str 
r.  Specimen torqued t o  value noted and bolt elongation mearured n l t h  epect 
ing lockingtorque of H20-8 nuts noted a s  follows: 
Specimen No. T-T125 - 7.91 N-m (70 lbf- in)  
T-TL26 - 9.60 N-m (85  lbf- in)  
T-T127 - 10.18 N-m (90 lbf- in)  
T-T128 - 8.47 N-m (75 lbf-in) 
‘203 .0080 




TABLE NO. I11 J I 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
BAC B3OMR SWIES EXTERNAL WRENCHING HEAD TITANIUM ALLOY BOLTS 
TEST CONDITION: TORQUE FROM DESIGN CLAMP LOAD: 22 800 Newtons ( 5,125 Pounds) 
Bolt Par t  No.: BAC ~ 3 m 4 c l l  
Thread Size: 1/4-28 ~ m - 3 ~  Nut Mater ia l :  AMs 6304 STEFL 
Bolt Mater ia l :  6A1-4V TITANIUM &Loy Nut Finish:  DRY FILM LUBE OVER CADMIUM PLATE 
Bolt F i n i s h : u I m  PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Specif icat ion:  BOEWG ~ p s - ~ - 6 9  Hale Size: 6.350 on0 ( 0.250 i n . )  
Nut Part No. : H23-4 



















































' I T '  denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t ed  i n  Transducer Controls load ce l l .  
f r m  Moseley Autograf Recorder. 





TABLE NO. 111 J 2 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TEiSION TESTS OF 
BAC B3OUR SERIES BXTBRNAL WRENCHING HEAD TITANIM ALLOY BOLTS 
TEST CONDITION: TmQm FRDM NUT DESIGN CUW LMD: 22 800 Newton8 ( 5,125 Pounds) 
Bolt Par t  No.: BAC ~ 3 0 ~ ~ 4 ~ 1 1  Nut Par t  No.: H23-4 
Thread Size: 1/4-26 m ~ p - 3 ~  Nut mater ia l :  AMs 6304 STEEL 
Bolt Mater ia l :  6A1-4V TITANIUM ALLOY Nut F in ish :  DRY FILM LUBE OVER CADHIUM PLATE 
Bolt F in ish :  C A M I L U  -, gQ-P-416, TYPE 11, CLASS 3 Washer Part  NO. : MS 20002C h MS 20002 























































14 630 2.100 
19 620 I 4.410 11 12 720 I 2:860 
40 I T  2 490 560 2 090 470 
80 I T  6 360 1,430 5 030 1,130 
120 I T  10 270 2,310 8 010 1,800 
160 I T  14 010 3,150 10 990 2,470 
190 I T  17 750 3,990 13 920 3,130 
, CYCLE #4 CYCLE #4 
40 I T  2 090 470 1 690 380 
80 I T  5 650 1.270 4 270 960 
120 IT 8 760 1,970 6 890 1,550 
160 I T  12 720 2,860 9 560 2,150 
190 I T  16 680 3.750 12 560 2,825 

















CYCLE #6 CYCLE #6 
IT 1 730 390 1 250 280 
IT 4 710 i.060 3 510 790 
IT 7 610 1,710 5 470 1,230 
IT 11 300 2,540 8 050 1,810 
IT 14 750 3,315 10 680 2.400 
CYCLE #10 CYCLE #10 
IT 1 380 310 1 200 270 
IT 4 270 960 3 380 760 
IT 6 850 1,540 5 470 1,230 
I T  10 140 2,280 8 010 1,800 
IT 1 3  660 3,070 1 0  680 2,400 
CYCLE #I1 CYCLE #11 
40 IT 1 290 290 220 
80 I T  4 180 940 3 ?:: I 700 
120 IT 6 940 1,560 4 980 1,120 
160 IT 10 140 2,280 7 250 1,630 
190 IT 14 190 3.190 10 100 2,270 
ii: 1 % 
120 IT 7 120 1,600 5 290 1,190 
160 IT 10 050 2,260 7 650 1,720 
190 IT 14 460 3.250 10 390 2.335 
CYCLE #15 CYCLE t 1 5  
40 IT 1 510 
80 IT 4 400 2: 
SPECIMEN NO. T-T135 SPECIMEN NO. T-T136 SPECIMEN NO. 
IMP LOAD 











2 090 470 
5 290 1 1,190 
8 270 1,860 
11 700 2.630 



























































24 880 Si525 
CYCLE 62 CYCLE 62 
10 900 2,450 
15 120 3,400 
19 130 4 300 
CYCLE #3 CYCLE #3 
10 100 
17 480 
CYCLE 114 1 CYCLE #4 
1 II 1 
1 470 I 330 1 I 
4 540 1.020 
13 120 
IUTBS' 
T " 1 T '  denoren i n a t a l l a t i o n  torque. 
TI Bolt-nut aasembly t e s t e d  In  Transducer Controls lolrd c e l l .  Tensile clamp load determined from X-Y curve - 
from moeeley Autograf Recorder. 
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TABLE NO. I11 J 3 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
BAC B30MR SERIES EXTBRNU WRENCHING HEAD TITANIUM ALLOY BOLTS 
SPECIMEN N0.T-T137 
TEST CONDITION: T W ~  R(M DESIGN CLAllP LOAD: 22 800 Newton# ( 5,125 Pounds) 
Bolt Part  No.: BAC B 3 m 4 C l l  Nut Par t  NO.: ~ 2 3 - 4  
Bolt  Mater ia l :  ~ 1 - 4 v  TITANIUM ALLOY Nut F in ish :  DRY FILM LUBE O V W  CADMIUM PLATE 
Bolt SPeClfiCatlOn. BpS-F-69 Hole Sire: 6.756 ( 0.266 in . )  
Thread Size: 1/4-28 wm-3 Nut Material:  AMs 6304 STEEL 
Fin ish :  CADMIUM PWTE, QQ-P-416, TYPE 11, CLASS 3 Washer Part  NO.: MS 20002C h MS 20002 

















































1/ INDUCED C W  LOAD 
: i n - l b f )  Newtons 1 (Pounds) i Newtons I (Pounds) 11 Newtons 1 (Pounds) I Newtons 























IT II 4 310 I 970 I 4 0001 900 I 4 310 I 970 I 
IT 




I T  
IT 
IT 
I T  - . . ,, 
CYCLE 83 11 CYCLE #3 11 CYCLE 113 I CYCLE #3 
8 5801 1,930 9 030 2,030 
1; % 1 ::% 12 770 2,870 13 260 2,980 
19 220 4,320 17 790 4.000 18 500 4,160 
23 220 5,220 22 130 4,975 22 370 5,030 
" 
CYCLE #2 CYCLE #2 CYCLE 62 CYCLE (12 
2 800 630 3 070 690 2 580 580 
7 120 1,600 6 760 1,520 6 720 1,510 
11 030 2,480 10 320 2,320 10 450 2,350 
15 700 3,530 14 630 3.290 14 540 3,270 
20 460 4.600 18 860 4.240 19 130 4.300 
:: ;i: 1 540 2 310 520 2 140 480 1,39  6 000 1,350 6 230 1,400 
I T  10 140 2,280 9 300 2,090 9 920 2,230 
I T  14 100 3,170 13 480 3.030 14 590 3,280 
I T  17 750 3,990 17 750 3,990 18 570 4,175 
CYCLE #4 CYCLE 114 CYCLE iK CYCLE 64 
I 
40 











CYCLE #11 [ CYCLE 111 11 CYCLE #11 0 CYCLE #11 
I n I I, 1 
300 1 330 300 
80 IT 4 230 980 4 270 960 
1,590 6 580 1,480 
2,350 9 870 2,220 
3,200 13 920 3,130 
CYCLE #15 CYCLE #15 CYCLE #15 CYCLE R15 
I 
40 IT 300 1 200 270 1 020 230 
80 IT i ii I 940 3 960 890 3 560 800 120 IT 1,53 6 670 1,500 5 690 1,280 
160 IT 9 870 2,220 9 340 2,100 8 670 1,950 
190 IT 13 660 3,070 13 120 2,950 12 830 2.885 
Newtons 1 (Pounds1 
CYCLE #I 










-7- CYCLE 115 
' IT '  denote. i n a t a l l a t i o n  torque. 
Bolt-nut assembly tea ted  i n  Transducer Controls load c e l l .  
frm Moaeley Autograf Recorder. 
Tensile clamp load determined from X-Y curve 
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TABLE NO. 111 J 4 
BBSULTS OF 15-CYCLE INSTALLATION TORQOE-TENSION TESTS OF 





TEST CONDITION: T ~ Q U B  p ~ m  BOLT HBAD DESIGN cullp LOAD: 22 800 Newton. ( 5,125 Pounds) 
Bolt PBrt No. : BAC B 3 m 4 C l l  Nut Part No. : Iw3-4 
Thread Size: 1/4-28 UNJP-M Nut Material:  AMs 6304 STEEL 
Bolt Mater ia l :  6 ~ 1 - 4 ~  TITANIM ALLOY Nut Finish: DRY FILM LUBE 0,vBR W I M  PLATE 
Bolt  Finish:  CADMIUM U T E ,  QQ-P-416, TYPE 11, CLASS 3 
Bolt SPeClflCatlOn. Boeing BPS-F-69 Hole Size: 6.452 mm ( 0.254 in . )  
Washer Part  No. : MS 20002C4 & MS 20002-4 
I T  
40 I T  3 k90 830 3 830 860 3 560 800 4 050 910 3 470 780 
80 I T  8 320 1,870 8 180 1,840 9 030 2,030 9 210 2,070 8 450 1,900 
120 I T  13 740 3.090 13 340 3,000 14 410 3,240 14 680 3,300 13 030 2,930 









760 2 940 660 3 110 700 2 800 630 
1,680 8 050 1.810 7 740 1,740 7 290 1.640 
120 I T  12 370 2,780 12 010 2.700 12 770 2,870 12 500 2,810 11 740 2,640 
150 IT 16 900 3,800 16 100 3,620 17 750 3,990 16 900 3,800 16 370 3,680 
CYCLE 1 5  CYCLE #5 CYCLE #5 CYCLE 15 CYCLE 115 
I 40 I T  3 340 750 80 I T  8 100 1.820 
I T  
40 I T  2 940 660 2 800 630 2 580 580 3 020 680 2 980 670 
80 IT 7 120 1,600 6 410 1,440 7 290 1,640 7 070 1,590 7 210 1,620 
120 I T  11 210 2 520 10 360 2,330 11 790 2,650 11 740 2,640 11 210 2,520 
150 I T  15 570 1 31500 14 770 3,320 16 370 3,680 16 100 1 3.620 15 570 3 . 5 Q L  
:: 1 CYCLE #6 CYCLE #6 CYCLE #6 CYCLE #6 CYCLE #6 2 760 620 2 090 470 2 710 610 2 450 550 ? 980 n7n 6 540 I 1.470 5 520 1 1.280 6 910 1 1 56n 7 inn I I 6 .. _ _  
13.56 120 IT 10 720 2;410 l: I 11 300 2'iiO 11 080 2 490 11 030 2,480 
NOTBS. 
T . t I T *  denote. installation torque. 
TI Bolt-nut assembly teeted fn Transducer Controls Iond cell. 
from Moseley Autograf Recorder. 








40 IT 2 450 550 1 690 380 460 1 780 400 2 140 480 
1,360 4 890 1,100 5 780 1.300 
2,240 7 780 1,750 9 250 2,080 
80 IT 1,330 4 800 1,080 
120 IT E: 1 2,170 7 430 1,670 
150 IT 13 660 3,070 10 900 2,450 13 920 3,130 11 210 2,520 13 340 3,000 
CYCLE #I1 CYCLE #ill 
I 
CYCLE 111 CYCLE b l l  CYCLE #I1 
I T  I I 
TABLE NO. I11 J 5 
RESULTS OF 15-CYCLE INSTALWLTION TORQUE-TENSION TESTS OF 
















































E SPECIMEN NO. T-TI45 SPECIMEN NOJ-T146 SPECIMEN NO. T-TI47 SPECIMEN NO. T-T148 SPECIMEN N0.T-T149 
I/ INDUCED CLAMP LOAD 
















I T  
I T  
IT 
I T  
I T  
-. 
IT 
I T  
I T   





I T  
CYCLE # l  CYCLE 
2 270 510 2 220 
4 940 1,110 5 340 
8 010 1,800 8 320 
10 900 2 450 10 810 
21 570 I 4:850 22 950 
CYCLE I2 CYCLE 
1 110 250 1 420 
2 710 610 3 560 
4 580 1,030 5 560 
6 760 1,520 7 740 
13 340 3,000 16 390 
CYCLE #3 CYLZE 
210 1 020 z 1: I 590 2 710 
950 4 710 
5 830 1,310 6 360 
12 280 2.760 13 660 
1 600 I 360 ii: 11 3 560 800 
II CYCLE #3 
230 290 
1,430 1,440 
CYCLE #* CYCLE 4 CYCLE (14 















40 IT II 620 I 140 I 620 I 140 I 760 I 170 _. ..
,2 000 470 
128: ;: I/ % 1 iz: // 3 510 1 % 1 i :% 1 780 
160 IT 5 160 1,160 4 980 1,120 4 630 1,040 
300 IT 11 480 2.580 11 210 2,520 10 680 2.400 
,I I - II I .  
CYUE b15 11 CYCLE b15 11 CYCLE #15 
I II I 11 I 
40 I T  150 
80 IT I[ 1 ;:: I ii ([ 1 2: I ii [I 1 z;: I 420 
120 IT 3 250 2 980 3 200 720 
160 IT 4 670 1,050 4 270 960 4 450 1,000 
300 IT II I 2.270 u 560 I 2.150 n I 2.270 
Newtons I (Pounds; 
CYCLE #1 I 
2 400 540 













930 210 ~~ .. 
2 310 520 
5 520 1,240 
12 570 2.825 





2 850 640 
5 830 1 1,310 
8 580 1,930 
11 480 2.580 
21 840 1 4;910 
CYCLE #2 
CYCLE 113 v 
CYCLE #4 
CYCLE #5 v 
4 310 
CYCLE 86 - 
CYCLE #10 
4 000 
CYCLE b l l  
I t/ 470 1  
810 
4 850 1,090 




1 !:: 1 400 
3 070 690 
NOTBS. 
T * * I T @  denote. i n a t a l l a t i o n  torque. 
z/ Bolt-nut rsaembly t ea ted  in TranBducer Controls load c e l l .  
from nose ley  Autograf Recorder. 
Tensile clamp load determined f r m  X-Y f u m e  
TABLE NO. I11 J 6 
RESDLTS OF 15-CYCLE INSMLLATION TORQUE-TENSION TESTS OF 
BAC B 3 M  SERIES ECLX?WAL. WRENCKING HPM) TITANIUM ALLOY BOLTS 
TEST CONDITION: TORQUE FRDM BOLT HBAD DBSIGn CIAnP LOAD: 22 800 Newtons ( 5,125 Pounds) 
Bolt Part  No.: u c  ~30.1(~4~11 N u t  Part  No. : SL 7004C428 
Thread Sire: 1/4-28 UNJF-U Nut Material:  A286 CRES 
Bolt  Mater ia l :  6 ~ 1 - 4 ~  ~ I T ~ U M  ALLOY Nut Finish: SILVER PLATE PER AMs 2411 
Bolt F in ish :  Washer Part NO.: PIS 20002C4 h PIS 20002-4 PLATE, 99-p-416, TYPE 11, CLASS 3 




















































i n - l b f )  
40 I T  
80 I T  
120 IT 
160 I T  
200 I T  
40 I T  
80 IT 
120 I T  
160 I T  
200 I T  
40 IT 
80 I T  
120 I T  
160 IT 
200 I T  
40 IT 
120 I T  
160 I T  
200 I T  
a0 IT 
40 I T  
80 I T  
120 IT 
160 IT 
200 I T  
40 IT 














40 I T  
80 I T  
120 I T  
160 IT 
200 I T  - 
jPECIMEN N0.T-Ti50 SPECIMEN NO. T-Ti 
INDUCED 
Uewtons 1 (Pounds) 11 Newtons I (Pounds 
CYCLE 111 11 CYCLE #1 
I I 
3 740 840 4 400 990 
8 540 I ::911 8 980 I 2,020 13 300 2,990 13 520 3,040 18 100 4,070 18 100 4,070 22 95  22 680 5,100 
CYCLE 12 CYCLE #2 
2 220 500 2 540 570 
5 070 1,140 5 690 1,280 
7 870 1,770 8 940 2,010 
11 210 2.520 12 370 2,780 
15 030 3.380 16 370 3,680 
I I 
CYCLE 13 CYCLE 1 3  
1 380 1 ,;;: I 1 650 I .:W 
3 470 3 870 
5 520 1,240 6 180 1,390 
8 140 1,830 8 940 2,010 
10 360 2 330 12 280 2 760 
CYCLE #6 CYCLE 16 
1 160 260 1 690 380 
3 110 700 3 910 880 
4 760 1,070 6 180 1,390 
7 030 1,580 8 720 1,960 
9 560 2,150 12 010 2,700 
CYCLE 110 CYCLE 110 
890 200 1 250 280 
2 620 590 3 420 770 
4 450 1,000 5 380 1,210 
6 180 1,390 7 780 1,750 
9 010 2,025 10 300 2,450 
CYCLE # l l  CYCLE Ill 
I I 
2 310 2 980 .. . 
3 960 890 4 940 1,110 
5 560 I 1,250 /I 6 940 I 1,560 
8 180 1,840 9 830 2.210 
SPECIMEN N 0 . ~ - ~ 1 5 2  SPECIMEN NO. ~ - ~ 1 5 3  SPECIMEN NO. 
IMP LOAD 
Newtons I (Pounds 
CYCLE (1 
CYCLE $2 
CYCLE 114 I 
CYCLE #5 
I 
1 780 4W 
4 540 1 1,020 
7 210 , 1.620 








CYCLE t15  I 
1 330 300 
3 560 I 100 
11 480 
Newtons I (Pounds) I Newtons I (Pounds) 
CYCLE #I n CYCLE in  
I It I 
CYCLE 12 CYCLE 112 
13 300 2;990 
18 010 4,050 
22 680 5,100 
1) 
10 190 2,290 
13 660 3,070 
CYCLE 114 CYCLE #4 
I 
CYCLE 1 5  1 CYCLE 45 
CYCLE 16 v 
8 580 1;930 
CYCLE 16 
11 740 I 2.640 1 
10 900 
CYCLE #10 I 
CYCLE # l o  
I 
160 I 260 n I 
f:: 
750 I 1 5 560 1,250 1,700 10 900 2,450 CYCLE 111 CYCLE # l l  
1 200 270 
3 290 740 
5 430 1,220 
7 470 1,680 
10 680 2,400 
CYCLE #15 CYCLE 115 
I I 
'IT' denote. i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  i n  Transducer Controls 1-d c e l l .  
from Moueley Autognf  Becorder. 




TABLE NO. 111 J 7 
RESULTS OF 15-CYCLE INSTAUATION TORQLlE-TENSION TESTS OF 
BAC B3DHR SKRIES EXTERNAL WRENCHING HEAD TITANIUM ALLOY BOLTS 
TEST CONDITION: TORQUE FRCPl Nln' DESIGN Cwne LMD: 53 380 Neytonn ( 12,000 Pounds) 
Bolt Part  No.: BAC B3CMR6C24 Nut Par t  No. : HZO-6 
Thread Sire: 3/8-24 UNJF-U Nut MsKerisl: AMS 6304 STEEL 
Bolt  N a t e r i a l :  6A1-4V TITANIUM ALLOY Nut F in ish :  DRY FILM LUBE OVER CADMIUM PLATE 
Bolt F in ish :  CADNIUM PLATE, 99-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion .  BPS-F-69 (BOEING) Hole Size: 9.525 m ( 0.375 In.) 
Washer Par t  No.: Ms 20002CL h Ns 20002-6 4 
SPECIMEN NO. SPECIMEN NO. T-T156 SPECWN NO. 
INDUCED CwLMe LOAD 




150 I T  
300 I T  
450 I T  
600 IT 
690 I T  
Newtons I (Pounds 
1
Newtons t (Pounds1 Newtons (Pounds 
-==?-- CYCLE 11 7 16.95 33.90 50.84 67.79 77.96 42 080 9;460 49 020 I 11.020 47 950 I 10:780 11 51 550 I 11:590 
CYCLE 1 2  
I
CYCLE 1 2  I CYCLE 1 2  
CYCLE 1 3  
CYCLE 12 
i150 IT 300 I T  450 I T  600 I T  690 IT -
150 I T  
300 I T  
450 I T  
600 IT 
690 I T  -
150 I T  
300 I T  
450 IT 
600 IT  
690 IT -
150 I T  
300 I T  
450 I T  
600 IT 
690 I T  
150 IT 
300 IT 
450 I T  
600 IT 
690 I T  
1 8 720 8 410 1 1.890 1 1,960 
1 7  790 4,000 17 570 3,950 
26 110 5.870 27 620 6,210 
36 250 8.150 37 190 8,360 
44 520 10,010 45 330 10,190 




















CYCLE 1 3  
1; I ::E /I 1: ;;: 1 ::E 
25 400 5.710 22 510 5.060 I 30 600 34 690 ! 7;800 6;880 
42 970 9,660 38 920 8,750 
CYCLE $4 CYCLE ii4 
L 
CYCLE 14 




7 380 1,660 6 410 1,440 
1 5  880 3.570 14 230 3,200 
25 000 5,620 22 020 4,950 
33 760 7,590 29 850 6,710 
42 570 9,570 38 610 8,680 
CYCLE 115 CYCLE 1 S  I I CYCLE A5 CYCLE 15 
6 720 1 1:510 1 6 410 1 :41 14 590 3,280 14 280 3,210 23 130 5,200 21 930 4,930 31 310 7,040 30 070 6,760 40 120 9 020 38 88  1 5  7M) I :i:r 24 380 5,480 33 580 7,550 41 190 





























3,230 14 100 3,170 
5,030 21 800 4,900 
6,840 29 850 6,710 
8,690 38 650 8,690 
CYCLE 110 
1.110 5 380 1.210 
CYCLE 16 7- 
CYCLE i'" 
CYCLE 16 














67.79 I 77.96 150 IT 300 IT 450 IT 600 IT 690 IT -150 IT 300 IT 450 IT 600 IT 690 IT CYCLE 111 7- CYCLE U15 j5;320 /I 24 820 ! 5;580 6,930 32 690 7,350 
CYCLE f l 5  
29 850 1 6;710 






300 I T  
450 IT 
600 IT 
690 I T  
NOTES' 
- i 7 - * ' I T '  denotes i n s t a l l a t i o n  torque. 
9 Bolt-nup assembly t e s t e d  in Transducer Controls load c e l l .  
Ind ica tor .  
Tensile clamp losd determined frw RBI S t r a i n  
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TABLE NO. 111 J 8 
RESULTS OF 15-CYCLE INSTALLATION TOR9UE-TENSION TESTS OF 
BAC B3OMR SBRIES EXXIBWAL WRBNCHIwG HEAD TITANIW ALLOY BOLTS 
TEST C(*IDITION: TOBQUB ma4 NLtr 
Bolt Part No. : BAC B3CMR6C24 
Thread Size: 3/8-24 mm-3~ 
Bolt Material: 6~1-4v TITANIUM ALLOY 
Bolt Finish: CADMIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt SpecificatLon. BPS-F-69 (BOEING) 
DESIGN CLhM LOAD: 53 380 Newtone ( 12,000 Pounds) 
Nut Part No. : H20-6 
Nut Material: AMS 6304 STEEL 
Nut Finish: 
Washer Part NO.: MS 20002C6 h MS 20002-6 
 ole Size: 9.627 mm ( 0.379 in.) 




















































































SPECMEN N0.T-T157 SPECIMEN NO.T-Tl5i 
Newtons 1 (Pounds) I Newtons I (Pounds) 
INDUCED 
CYCLE #I 11 CYCLE 81 
I 
1.890 
26 150 z i : L J  
35 580 8,000 
43 720 9,830 
CYCLE #3 
8 410 1 , 8 940 2,010 
17 390 3,910 17 970 4,040 
5,880 28 240 6,350 
37 450 8,420 
44 840 10,080 
1 I 
CYCLE 83 
.  1 . 20 
1 10;OSO 
6 810 I 1,530 7 250 I 1,630 14 500 3,260 14 770 3,320 22 680 5,100 23 220 5,220 
30 560 6,870 31 310 7,040 
38 160 8,580 39 480 8,8,5 
CYCLE $4 CYCLE 
6 230 1 I::, 1 5 690 
13 700 3,089 12 590 
21 170 4,760 19 620 
28 560 6,420 26 780 













CYCLE #6 11 CYCLE #6 
24 290 Si460 25 000 Si620 
32 380 I 7,280 11 31 760 I 7,140 
CYCLK 115 11 CYCLE 115 
SPECIMEN N0.T-TI59 SPECIMEN N0.T-Ti60 SPECIMEN N0.~-~161 
W LOAD 
Newtons I (Pounds) 
--=?--- 
CYCLE 82 I 1 1,860 ::: 17 120 3,850 25 620 5,760 7,840 
43 030 9,675 
CYCLE 113 I 
6 630 I ::4+1 
14 140 3,180 
21 440 4,820 








10 590 2:380 
16 770 3,770 
22 640 5,090 
30 450 69 I 6.900 Oo
1 2,370 19 540 10 760 I 2,420 
21 570 4,850 22 460 5,050 
32 740 7,360 33 050 7,430 
43 810 9,850 45 100 10,140 
51 260 11,525 54 090 12,160 
CYCLE 1 2  CYCLE 1 2  
1 :720 8 980 2:020 1:960 17 880 4,020 18 770 4,220 27 400 6,160 28 560 6,420 36 610 8,230 38 480 8,650 44 040 9 900 46 040 10 350 CYCLE 83 C CLE 113 
38 960 8.760 38 700 ' 8.700 
CYCLE 114 CYCLE #4 
13 030 2,930 15 120 3,400 
20 770 4,670 23 000 5,170 
27 980 6.290 31 220 7,020 
36 030 a 100 38 960 8 760 
5 600 1.260 :E, i' CYCLE 115 ::: 1 :::7: I 14 140 1 :j::8 
18 900 4,250 21 800 4,900 
25 710 5,780 29 580 
37 760 8'490 
CYCLE 116 CYCLE 86 
I I I 
CYCLE 110 !I CYCLE :lo 
1 : 1:; 4 710 1,; 1,180 11 080 2,490 11 740 2,640 17 440 3,920 18 190 4,090 23 930 5,380 25 040 5,630 31 310 7,040 31 910 7,175 Ir 5170 1.150 CYCLE #ll CYCLE #I1 
I -  t 
CYCLE #15 CYCLE #I5 
4 360 980 4 980 1120 
LO 450 2,350 11 030 2:480 
16 860 3,790 17 210 3,870 
23 220 5,220 23 400 5,260 
31 000 6,970 30 380 6.830 
'IT' denotes installation torque. 
Bolt-nut assembly tested in Transducer Controls load cell. Tensile clamp lad determined from RBI Strain 
Indicator. 
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TABLE NO. I11 3 9 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
BAC B 3 W  SWIES BXTWNAL WRKNCHING HeAD TITANIUM ALLOY BOLTS 
TEST CONDITION: ToRgUE FRm NVI' DESIGN CLAW LMD: 53 380 Newton. ( 12,000 Pounds) 
Bolt Part  No.: BAC B3W6C24 
Thread Size: 3/8-24 uNJF-3A Nut Mater ia l :  Aws 6304 STEEL 
Bolt Mater ia l :  6A1-4V TITANIUM ALLOY Nut F in ish :  DRY FILM LUBE OVER CADMIUM PLATE 
Bolt Fini6h:CADMIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion .  BPS-F-69 (BOEING) Hale Size: 9.906 m ( 0.390 in.) 
Nut Per t  No. : H20-6 









































150 I T  11 9 920 I 2.230 
300 I T  19 570 4;400 
450 IT 29 050 6,530 
600 I T  11 38 830 1 8,730 
690 I T  46 260 10,400 
I .  
CYCLE (12 
600 I T  27 930 6;280 
690 I T  11 34 160 I 7.680 
I} CYCLE 1 3  
I 
153 I T  11 4 980 I 1.120 
11 CYCLE P I 
150 I T  5 120 1,150 
300 I T  11 160 2,510 
450 I T  17 040 3,830 
603 I T  23 530 5,290 
690 I T  30 525 6,930 





453 IT 14 010 3.150 
603 I T  19 130 4,300 












3 290 740 
1 4 7 0  1,680 
11 560 2,600 
1 5  880 3,570 
21 530 4,840 
CYaE #15 
 
INDUCED CLAMP LOAD 
Newtons (Pounds) 11 Newtons i (Pounds 
CYCLE 11 I1 CYCLE #1 
I 1 
32 650 
CYCLE 12 CYCLE 12 
8 940 2,010 8 100 1,820 
17 970 4,040 16 640 3,740 
28 070 6,310 25 130 5,650 
37 670 8,470 33 940 7,630 
44 040 9,900 40 790 9.170 
CYCLE 63 CYCLE 63 
7 250 1,630 5 920 1,330 
15 330 3,390 12 990 2,920 
22 460 5,050 20 100 4,520 
30 690 6,900 27 310 6,140 
38 160 8,580 34 870 7,840 
I 1 
CYCLE 114 CYCLE it4 
6 630 
13 610 1 /I 21 350 4,800 17 970 4,040 28 730 24 460 5.500 1; % 1 
36 700 I ai250 11 31 760 I 7;140 
I 11 1 
CYCLE #5 I[ CYCLE #5 
5 560 I 1,250 11 5 340 I 1,200 
11 880 2.670 11 650 2.620 
19 080 4;290 18 103 4;070 
25 890 I 5.820 11 24 630 I 5,550 
33 270 7.430 32 380 , 7.280 
CYCLE #6 11 CYCLE (16 
I II 1 
28 580 1 3 650 1 3 960 1 ,890 ,820 9 160 2,060 8 720 1,960 14 320 3,220 13 700 3,080 19 570 4,400 18 770 4,220 26 420 5 940 25 040 5 630 
NOTES: 
?_r 'IT' denotes i n s t a l l a t i o n  torque. 
?/ Bolt-nut assembly t e s t e d  i n  Transducer Controls load c e l l .  
Ind ica tor .  
Tensile clamp load determined from RBI S t r a i n  
TABLE NO. 111 J 10 
RESULTS OF. 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
BAc B 3 m  SERIES BXTEXNAL WRENCHINT, XEAD TITANIUM ALLOY BOLT 
TEST CONDITION: TORQLIE FROM BOLT HEAD DESIGN CLAMP LMD: 53 380 Newtons ( 12,000 Pounds) 
Bolt Part  NO. : BAC B3m6C24 Nut Part  No. : HZO-6 
Thread S i z e :  3/8-24 UNJF-3A Nut Mater ia l :  AMS 6304 STELZ 
Bolt  Mater ia l :  6A1-4V TITANIUM ALLOY Nut F in ish :  DRY FILM LUBE OVER CADMIUM PLATE 
Bolt Finish:WMIUM PLATE, 99-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion .  BPS-F-69 (BOEING) Hole Size: 9.627 m ( 0.379 i n . )  































( i n - l b f )  Newtons (Pounds) Newtons I (Pounds; 
SPECMEN N0.T-T165 11 SPECIMEN N0.T-T166 I SPECIMEN ~o.T-Tl67 1 SPECIMEN N0.T-T168 1 SPECIMEN NO. 1 I 
, CYCLE 411 ! CYCLE #l 













' 67.79 I 81.91 
150 I T  14 230 3.20; 1 15 750 1 $:; 300 I T  29 760 6,690 27 130 450 I T  39 850 8,960 3  58  
600 I T  46 440 10,440 43 680 9,820 
725 I T  54 890 12,340 54 090 12,160 j __ CYCLE 12 LTCLE 12 
153 I T  I 3 939 1 2,021 1 7 6 3 l  1 :,720 
300 IT 17 390 3,910 15 120 3,400 
450 IT 27 800 6,250 23 400 5,260 
600 I T  39 810 8,950 34 780 7,820 
725 I T  55 020 12.370 45 500 10.230 
150 I T  
600 iT  36 610 Si230 31 180 7:O;O 
725 I T  49 420 1 11,110 11 42 480 I 9,550 
CYCLE $4 11 CYCLE $4 
150 I T  I 7 290 1 1,640 1 5 030 1 1,130 
300 I T  13 520 3,040 10 850 2,440 
450 I T  20 510 4,610 19 220 4,320 
600 I T  29 090 6.540 29 000 6,520 
725 I T  46 350 10.420 37 500 8.430 , .  
CYCLE C5 CYCLE 1 5  
150 I T  8 100 1,820 5 830 1,310 
300 I T  16 150 3,630 11 390 2,560 
450 IT 23 970 5,390 17 660 3,970 
600 I T  33 800 7,600 25 620 5,760 
725 I T  44 080 9,910 34 250 7,700 
CYCLE 16 CYCLE 16 
150 IT 7 250 1,630 5 690 1,280 
300 I T  14 410 3.240 11 390 2,560 
450 I T  23 660 5,320 17 210 3,870 
600 IT 31 310 7,040 25 400 5,710 
725 I T  40 480 9,100 34 960 7,860 
CYCLE #lO CYCLE # l o  
IMP LOAD 
Newtons I (Pounds 
13 740 3,090 
28 110 6,320 
36 780 8,270 
45 810 10,300 
54 130 12.170 
CYCLE 82 
 
36 960 I 8ii3; 
49 150 
CYCLE Q3 
3l 18 1 1,750 15 390 3,460 24 240 5,450 7,890 
46 390 10,430 
 
CYCLE #4 
43 500 I 91780 
CYCLE X5 
12 370 2,780 
19 040 4,280 



















































Newtons (Pounds) Newtons (Pounds) 
CYCLE #l f CYCLE I1 
1 1 1 
38 070 





'IT' denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t es ted  in Transducer Controls load  c e l l .  Tensile clamp lcad determined fram RBI S t r a i n  
Indica tor .  
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TABLE NO. I11 J 11 
RESULTS OP 15-CYCLE IHSTALLATION TORQUE-TENSION TESTS OF 
BAC B3OMR SBIlIES EXTERNAL WRENCHING HEAD TITANIUM ALLOY BOLT 
TEST CONDITION: TORQUE FROM DBSIGN CLAEIP LOAD: 53 380 Newtons ( 12,000 Pounds) 
Bolt Part No.: BAC B3oMR6C24 Nut Part No. : MS 21044N6 
Thread Size: 3/8-24 UNJF-3A Nut Material: STEEL 
Bolt Material: 6A1-4V TITANIUM ALLOY Nut Finish: CADMIUM PLATE, TYPE 11, CLASS 3, QQ-P-416 
Bolt Fini6h:CADMIUM PLATE, 94-P-416, TYPE 11, CLASS 3 
Bolt Specification. BPS-F-69 (BOEING) Hole Size: 9.627 mm ( 0.379 in . )  
Washer Part No.: MS 20002C6 h MS 20002-6 



















































E SPECIMEN NO. SPECXEN NOZ-Tl69 SPECMEN NO. T-T170 SPECIMEN NO. T-T171 SPECIMEN NO. 







































1 7 030 1,580 7 290 , 
, 
1,640 
14 410 3,240 14 720 3,310 
21 530 4,840 22 150 4,980 
28 820 6,480 29 220 6,570 
46 350 10,420 47 240 10,620 
CYCLE 12 CYCLE #2 1 % 1 1:: 1 % 1 2,050 9 6  
12 540 2,820 13 480 3,030 
18 590 4,180 19 750 4,440 
35 450 37 360 8.400 
CYCLE #3 
3 200 800 






IT 3 560 800 3 560 800 
IT 7 250 1,630 7 830 1,760 
IT 11 520 2,590 12 410 2,790 
IT 17 570 3,950 17 570 3,950 
IT 35 320 7,940 36 120 8,120 
CYCLE X6 CYCLE #6 
2;640 450 IT I/ 11 740 1 12 590 ! ;is30 
600 IT 18 010 4.050 17 300 3,890 
900 IT 35 720 8,030 35 140 7,900 
CYCLE #10 CYCLE #lo 
150 IT 3 870 870 3 380 760 
1,810 7 470 1,680 
2,780 11 650 2,620 
4,300 16 060 3,610 
7,930 33 450 7,520 
CYCLE #ll CYCLE 111 
I 
I 770 150 IT 3 910 880 3 420 300 IT 7 610 1,710 1 430 1,670 450 IT 12 540 2,820 11 790 2,650 600 IT 18 680 4,200 15 830 3,560 900 IT 34 250 7,700 33 140 7,450 






4 230 9 50 
8 850 I 1,990 
13 120 2.950 




3 290 740 
7 310 I 1,650 
11 880 2.670 
17 300 1 iiz8: 
35 850 
CYCLE 65 
CYCLE 16 I 
CYCLE #lo 
16 770 3;770 
34 690 I 7,800 
CYCLE X11 
 
CYCLE F15 I 
I II I 
‘IT‘ denotes installation torque. 
Bolt-nut assembly tested in Transducer Cantrola load cell. 
Indicator. 
Tensile clamp load determined frw RBI Strain 
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TABLE NO. I11 J 12 
RESULTS OF 15-CYCLE INSMLLATION TORQUB-TENSION TESTS OF 
BAC B 3 W  SERIES EXTERNAL WRBNCHING HFAD TITANIUM ALLOY BOLT 
TEST CCNDITION: TORQUB PRM BOLT HBAD DBSICN CLAm LMD: 53 380 Newtons ( 12,000 Pounds) 
Bolt Part No. : BAG B3W6C24 Nut Part No.: MS 21044N6 
Thread Size: 3/8-24 u N J p - 3 ~  
Bolt Mater ia l :  6~1-4V TITANI~~?~ ALLOY Nut F in ish :  CADMIUM PLATE, TYPE 11, CLASS 3, QQ-P-416 
Bolt Finish:CADMILin PLATE, PQ-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica tmn:  BPS-F-69 (BOEING) Hole Size: 9.627 w ( 0,379 in.)  
Nut Mater ia l :  STEEL 
















































300 15  I T  1 1; % 1 450 I T  23 350 5,250 20 100 4,520 21 040 4.730 600 I T  29 800 6,700 26 950 6,060 27 440 1 1: i:: I :::;: I 1: ::: 1 iifi% I 1 1000 I T  49 730 11.180 45 010 10.120 L', T i n  i n  79n , --,--- , . .  , , I, , z ,I I 
CYCLE (12 11 CYCLE 12 11 CYCLE C2 I CYCLE 112 
150 I T  
300 IT 
450 I T  
600 I T  
1000 I T  
150 I T  
300 IT 
450 IT 
600 I T  
1003 IT 
150 IT 3 600 810 3 380 760 3 340 750 
300 I T  7 290 1,640 7 120 1,600 7 650 1,720 
450 IT 11 740 2,640 11 250 2,530 11 390 2,560 
600 I T  16 680 3,750 16 410 3,690 16 190 3,640 
1000 IT 38 340 8.620 37 810 8.500 38 700 8.700 ~ 
CYCLE C6 CYCLE #6 I' CYCLE C6 CYCLE #6 
150 IT 3 560 800 3 420 770 3 340 750 
300 I T  7 650 1,720 6 760 1,520 7 120 1,600 
450 IT 11 560 2,600 10 900 2,450 11 210 2.520 
600 I T  16 590 3,730 15 660 3.520 16 810 3,780 
1000 I T  38 960 8,760 37 320 8,390 37 760 8,490 




450 I T  
600 IT 












7 430 I 1,670 6 850 1,540 
11 520 2,590 10 900 2,450 
1 7  700 3,980 15 480 3,480 
39 010 8,770 36 610 8,230 
CYCLE 111 CYCLE 111 CYCLE #I1 
1 5  520 3;490 
36 830 I 8,280 I ii ;:: I i:;;: 
CYCLE #15 CYCLE X15 CYCLE 115 
3 250 730 3 290 740 
6 580 1,480 6 670 1,500 
10 680 2,400 1 0  590 2,380 
14 990 3,370 1 5  120 3,400 
34 780 7,820 35 720 8.030 
Newtons 1 (Pounds) 
CYCLE #1 
1 CYCLE 1 2  






CYCLE #6 I 
CYCLE C l l  
1- CYCLE #15 
y * I T '  denotes i n s t a l l l t i o n  torque. 
- 2/ Bolt-nut assembly t e s t e d  in Transducer Controls l a d  c e l l .  
Ind ica tor .  
Tensile clamp load determined from RBI S t r a i n  
3 18 
TABLE NO. I11 J 1 3  
RESULTS OF 15-CYCLE INSTALLATION TCRQUE-TENSION TESTS OF 
BAC B3U4R SERIES EKTERNAL WRENCHING HEAD TITANILM ALLOY BOLTS 
SPECMEN N0.T-T175 11 SPECIMEN NO. T-T176(( SPECIMEN NO.T-Tl77 I SPECIMEN NO. 
TORQUE 
1/ INDUCED 
Nm (in-lbf) Newtons I (Pounds) u Newtons I (Pounds 
CYCLE dl  11 CYCLE #I  
I I 
40.67 360 I T  17 790 4,000 1 81.351 720 IT I % I i::;: 1 36 520 1 8,210 
135.58 1200 IT  53 780 12,090 61 200 13,760 
176.26 1560 I T  74 950 16,850 80 380 18,070 
203.37 1800 I T  90 740 20.400 93  140 20.940 
I - I, 7 .  
CYCLE #Z CYCLE 1 2  
40.671 360 IT I 14 590 ::Z:: 1 1 5  210 I 3,420 
81.35 720 I1 29 360 30 960 6.960 
135.58 12hl  I T  53 930 11,453 51 730 12,080 
176.26 1560 I T  65 940 15.050 70 500 15,850 
203.37 1800 IT 81 050 18,000 84 870 19,050 
I 40.67 360 IT 13 3$0 3.000 13 610 3 060 
CYCLE X3 CYCLE 83 
-.-- 
31.35 720 I T  27 490 6:180 28 070 6,310 
135.55 1200 I T  47 330 10,640 48 130 10,820 
176.26 1560 I T  62 270 14,000 64 940 14,600 
203.37 1800 IT 16 620 17,225 78 950 17,7iO 
I I  11 CYCLE #L 11 CYCLE 114 
CYCLE 05 11 CYCLE C5 
I I1 I 
SPECIMEN NO. 
40.67 360 IT 11 120 2,500 12 140 2,730 
81.35 720 I T  24 290 5,460 26 200 5,890 
135.58 1200 IT 41 990 9.440 45 950 5,890 
176.26 1560 I T  55 820 12,550 60 490 13,600 
203.37 1800 I T  70 720 15,900 75 440 16,960 
CYCLE 16 CYCLE 16 
40.67 360 I T  11 120 2,500 10 140 2,280 
81.35 720 IT 24 110 5,420 23 090 5,190 
135.58 1200 IT 41 810 9,400 41 230 9,270 
176.26 1560 IT 55 730 12,530 55 730 12,530 
203.37 1800 IT 70 720 15,900 69 570 15,640 
CYCLE #10 CYCLE #lo 
I I 1 40.671 360 IT 1 9 610 1 2,160 /I 8 810 1 1,980 81.35 720 IT 21 310 4.790 19 U O  4.370 135.58 1200 IT 36 920 8,300 34 780 7,820 176.26 1560 IT 49 240 11,070 46 700 10.500 203.37 1800 IT 61 290 13.780 58 940 13.250 , .  I .  
CYCLE Y 1 1  CYCLE #11 
40.67 360 IT 8 980 2,020 7 700 1,730 
81.35 720 IT 19 480 4,380 18 190 4,090 
135.58 1200 IT 34 780 7,820 32 290 7,260 
176.26 1560 IT 46 750 10,510 43 320 9,740 
203.37 1800 I T  58 940 13,250 56 580 12.720 
c y a B  #is CYCLE #15 
40.67 360 IT 8 140 1,830 7 380 1,660 
81.35 720 IT 18 410 4,140 17 480 3,930 
135.58 1200 IT 32 600 7,330 31 310 7,040 
176.26 1560 IT 43  710 9.840 42 030 9,450 
203.37 1800 IT 56 580 12,720 55 380 12,450 
Y'I'T' denote8 i n a t a l l a t i o n  torque. 
2 ~ ~ l t - ~ ~ t  rssenbly t es ted  in Transducer Controla load c e l l .  
frDm wmeley ~ ~ t ~ ~ ~ . f  Becorder. 
Tensile ClmP loEd determined 
€120 Ser ies  nut8 torqued wi th  '?--Point socket -  
frDm x-Y curve 
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TABLE NO. I11 J 14 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 






TEST CONDITION: TORQUE FROM N u l  DESIGN CLAMP LOAD: 96 880 Newton.  ( 21,780 P o u n d s )  
B o l t  P a r t  N o . :  BAC B30MR8c32 N u t  P e r t  N o . :  H20-8 
T h r e a d  S i z e :  1/2-20 UNJF-~A N u t  Mater ia l :  AMs 6304 STEEL 
Bolt M a t e r i a l :  6A1-4V TITANIUM ALLOY Nut F i n i s h :  DRY FILM LUBE OVER CADMIUM PLATE 
B o l t  Finish: CADMIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt S p e c i f i c a t r o n .  BOEING, BPS-F-69 Hole Size: 12.827 m ( 0.505 in . )  
w a s h e r  P a r t  No.: MS 20002C8 h MS 20002-8 
2,820 12 900 2,900 12 050 2,710 12 940 2,910 11 700 2,630 
5,940 27 220 6.120 25 930 5,830 27 360 6,150 25 000 5,620 
10,180 46 700 10.500 44 790 10,070 46 530 10.460 42 610 9,580 
13,390 62 230 13,990 59 600 13,400 60 760 13,660 56 800 12,770 





















































CYCLE I 5  
I 
360 I T  13 700 3,080 12 990 2,920 12 810 2,880 12 540 2,820 
720 I T  28 820 6,480 27 400 6,160 27 090 6,090 26 380 5,930 
1200 I T  49 020 11,020 46 840 10,530 46 080 10.360 44 880 10.090 
1560 I T  64 630 14.530 62 180 13,980 60 580 13,620 59 070 13,280 
1800 I T  77 840 17.500 76 620 17,225 75 440 16,960 74 280 16,700 
CYCLE 114 CYCLE #4 CYCLE 14 CYCLE 04 CYCLE 1'4 
I 
CYCLE Q5 CYCLE 115 CYCLE I5  CYCLE 115 






360 I T  
720 I T  
1200 I T  
1560 I T  
1800 I T  
360 I T  
720 I T  
1200 I T  
1560 I T  
1800 I T  
I T  
I T  
I T  
I T  
I T  - 
12 450 2,800 11 920 2,680 11 790 2,650 12 680 2,850 10 230 2.300 
26 240 5,900 25 580 5,750 25 530 5,740 27 130 6,100 23 090 5,190 
45 370 10,200 44 170 9.930 44 300 9,960 46 210 10,390 40 570 9,120 
59 690 13,420 58 710 13,200 58 940 13,250 60 490 13,600 53 600 12,050 
74 280 16,700 73 080 16,430 74 280 16,700 78 950 17.750 69 570 15.641 
CYCLE 16 CYCLE 16 CYCLE #6 CYCLE #6 CYCLE #6 
10 720 2,410 10 810 2,430 10 940 2,460 11 120 2,500 10 140 2,280 
23 840 5.360 24 200 5,440 23 890 5,370 25 220 5,670 23 090 5,190 
41 280 9,280 42 080 9,460 41 810 9,400 44 480 10.000 40 480 9,100 
54 930 12,350 55 730 12,530 55 510 12,480 58 580 13,170 53 870 12,110 
68 370 15,370 70 720 15,900 7 1  900 16,165 74 280 16,700 70 720 15,900 
CYCLE 110 CYCLE #lo CYCLE (110 CYCLE #10 CYCLE !lo 
9 030 1 2,030 
20 330 4,570 
35 980 8,090 
46 840 10,530 
61 290 13,780 
I 
CYCLE #ll 
9 120 2,050 8 760 I 1.970 8 580 1,930 9 250 2,080 
20 950 4,710 20 280 4,680 21 130 4,750 21 170 4,760 
36 560 8,220 35 760 8,040 36 960 8.310 36 920 8,300 
49 190 11,060 47 950 10,780 49 370 11,100 49 820 11,200 
62 490 14,050 62 490 14,050 63 610 14,300 64 830 14,575 
CYCLE #11 CYCLE #ll CYCLE 1111 CYCLE #I1 






360 I T  
720 I T  
1200 I T  
1560 I T  
1800 I T  
I T  
I T  
I T  
I T  
I T  - 
CYCLE #15 . CYCLE #15 CYCLE #15 CYCLE #15 CYCLE #15 
8 500 1,910 7 430 1,670 7 870 1,770 8 450 1,900 7 560 1,700 
19 480 4,380 18 820 4,230 19 130 4,300 20 950 4,710 19 080 4,290 
34 520 7,760 33 980 7,640 33 850 7,610 36 700 8,250 34 250 7,700 
45 950 10,330 45 950 10,330 44 920 10,100 48 620 10.930 44 390 9,980 
60 050 13,500 58 940 13,250 61 290 13.780 63 610 14,300- 58 940 13,250 
TABLE NO. 111 J 15 
KdSULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
BAC B3OMR SERIES EXTERNAL WRENCHING HEAD TITANIUM ALLOY BOLTS 
TEST CONDITION: TORQUE F R ~  NW DESIGN CLAMP LOAD: 96 880 Newtons ( 21,780 Pounds) 
Bolt Part  No. : &AC B ~ O P ( R ~ C ~ ~  Nut Part  No.: ~ 2 0 - 8  
Thread Size: 1/2-20 UNJF-3A Nut Mater ia l :  AMS 6304 STEa 
Bolt Material: 6A1-4V TITANIUM ALLOY Nut F in ish :  DRY FILM LUBE OVER CADMIUM PLATE 
Bolt F in ish :  CADMIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt SpeClfIcatlon. BOEING, BPS-F-69 Hole Size: 13.081 m ( 0.515 in.) 
Waeher Part  No.: MS 20002C8 6 MS 20002-8 
I SPECIMEN NO. 'oRq," l, 1 SPECIMEN N0.T-T183 I SPECIMEN N0.T-T184 I SPEClMEN NO. T-Tl851 SPECIMEN NO. INDUCED CLAMP LOAD 
ii I 14 460 3,250 1 14 770 i :::?J 14 410 I 3,240 29 670 6,670 30 960 29 850 6,710 50 970 11,460 52 890 11,890 51 150 11,500 66 940 15.050 b9 970 15.730 68 450 15,390 
IT 80 150 18.020 84 870 19,080 82 510 18,550 
CYCLE 113 CYCLE 83 - CYCLE 113 
12 100 2,720 
25 530 5,740 
135.58 1200 I T  46 790 10,520 47 100 10,590 43 860 9,860 
176.26 1560 IT 61 740 13,880 62 580 14,070 58 050 13,050 
203.37 1800 I T  76 620 17,225 77 840 17.500 73 080 16,430 
40.67 360 11 13 340 
81.35 720 I T  26 950 1 i:::: :: :;: 1 
CYCLE it4 CYCLE :r4 CYCLE k 
40.67 360 I T  10 500 2.360 
81.35 720 I T  23 000 5,170 
135.58 1200 IT 39 940 8,980 
176.26 1560 I T  53 510 12,030 
203.37 1800 I T  68 370 15,370 
N C L E  CYCLE b5 
7- 
CYCLE b3 
40.67 360 I T  10 100 2,270 10 410 2,340 10 190 I 2,290 
81.35 720 I T  21 480 4,830 23 000 5.170 22 280 5.010 
135.58 1200 I T  37 410 8.410 39 900 8,970 38 960 8,760 
176.26 1560 I T  49 680 11,170 53 200 11.960 51 i30 11,630 
203.37 1800 I T  63 610 14,300 67 160 15,100 66 010 14,840 
CYCLE 116 CYCLE #6 CYCLE #6 
40.671 81 35 360 72 I T  21 350 4,800 23 090 5,190 21 930 4,930 
135.58 1200 IT 37 540 8,440 40 030 9,000 38 160 8,580 
176.26 1560 I T  49 910 11,220 53 550 12,040 50 710 11,400 
203.37 1800 IT 66 010 14,840 69 570 15,640 63 610 14 300 















I T  
IT 
- 
I T  
I T  
IT  
-
11 8 900 1 ::z I/ 9 300 I 2,090 I/ 8 230 I 1,850 
19 390 4,360 20 820 4,680 18 990 4,270 
33 490 35 900 8,070 33 140 7,450 
44 750 10,060 48 220 10.840 44 570 10.020 11 57 780 1 12;990 11 58 940 I 13i2.50 11 57 780 I 12;990 
CYCLE K 1 1  11 CYCLE a l l  11 CYCLE #11 I[ 8 720 [ 1,960 I/ 8 010 [ 1,800 11 8 010 1 1,800 
19 300 4,340 18 590 4,180 18 550 4,170 
33 360 7,500 32 600 7.330 32 830 7,380 
44 700 10.050 44 080 9 910 u 170 9 o w  11 57 780 I 121990 11 56 580 I 1Z:;ZO 11 55 380 1 1ili;O 
1) CYCLE 115 11 CYCLE #15 11 CYCLE b15 
40.67 360 IT 8 760 1 1,970 7 830 1,760 7 430 1,670 
81.35 720 IT 19 260 4,330 18 550 4,170 1 7  080 3,840 
135.58 1200 I T  33 320 7,490 32 380 7,280 30 250 6,800 
176.26 1560 IT 44 570 10,020 43 990 9,890 40 880 9,190 
203.37 1800 IT 57 780 12,990 56 580 12.720 54 220 12,190 
CYCLE 14 CYCLE 14 
CYCLE h5 CYCLE 65 
CYCLE #10 CYCLE #lo 
CYCLE # l l  CYCLE 111 
CYCLE #15 CYCLE 115 
7 ' ' X T '  denotes i n a t a l l a t i o n  torque. 
Bolt-nut assenbly t e s t e d  i n  Transducer Controls load cell. 
f r m  Moaeley Autograf Recorder. 
Tensile clamp load determined frm X-Y curve 
H20 Series "uta torqued with 17-point socket. 
TABLE NO. I11 J 1 6  
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
BAC B3CNR SERIES EXTERNAL WRENCHING HEAD TITANIUM ALLOY BOLTS 
TEST CONDITION: TORQUB FROM BOLT HEAD DESIGN CLAMP LOAD: 9 6  880 Newtons ( 21,780 Pounds)  
B o l t  P e r t  NO.: BAC B3OMA8C32 Nut P a r t  NO.: H20-8 
Thread Size: 1/2-20 UNJF-SA Nut M a t e r i a l :  AMs 6 3 0 4  STEEL 
B o l t  M a t e r i a l :  6Al-4V TITANIUM ALLOY 
B o l t  Finish:UDMIUM PLATE, W-P-416,  TYPE 11, CLASS 3 
B o l t  S p e c i f i c a t i o n .  BOEING, BPS-F-69 Hole Size: 12.827 tm ( 0.505 in.) 
Nut F i n i s h :  DRY FILM LUBE OVER CADMIUM PLATE 
Washer P a r t  No.: MS 20002C8 h MS 20002-8 
SPECIMEN ~ 0 . T - T l 8 6  SPECIMEN NO. T-T18 SPECIMEN NO. T-T188 SPECMEN NO. T-T189 SPECIMEN NO. 
Newtons 1 (Pounds)  11 Newtons I (Pounds)  11 Newtons I (Pounds)  I Newtons I (Pounds)  
CYCLE $1 11 CYCLE $11 11 CYCLE #I I CYCLE dl 
I I I I I 
TORQ,LE 
Ll INDUCED CLAMP LOAD 





21 Bol t -nu t  a s sembly  t e s t e d  in T r a n s d u c e r  C o n t r o l s  l oad  c e l l .  
I n d i c a t o r .  
T e n s i l e  c lamp load  de te rmined  from RBI S t r a i n  
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RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
BAC B3OMR SERIES EXTERNAL WRENCHING HEAD TITANIUM ALLOY BOLTS 
TEST CONDITION: TORQUE FRM NW DESIGN CLAMP LOAD: 96 880 Newton8 ( 21,780 Pounds) 
Bolt Par t  No.: BAC B3M8C32 Nut Part  NO. : JLlOS8208 
Thread Size: 1/2-20 m n - 3 ~  Nut Mater ia l :  8740 STEEL 
Bolt  Mater ia l :  6A1-4V TmANIUM ALLOY Nut F i n i s h :  CADMIUM PLATE, W-P-416, TYPE I 
Bolt F i n i s h :  CAD%IUN PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt S p e c i f l c a t l o n .  BOEING, BPS-F-69 Hole Sire: 12.827 m ( 0.505 in.) 
Washer Part  No. : MS 20002C8 & MS 20002-8 
\Mp LOAD 
Newtons (Pounds) Newtons (Pounds) 
CYCLE #I I CYCLE # l  
88 400 1 191875 I 99 010 1 22;260 
CYCLE #2 
12 540 2,820 14 630 3,290 
27 490 1 6,180 1 30 250 1 6,800 
45 330 10.190 51 690 11 620 
CYCLE 16 CYCLE #6 
40.67 360 I T  12 320 2,770 10 630 2,390 
31.35 720 I T  28 690 6,450 24 060 5,410 
135.58 1200 I T  50 710 11,400 42 170 9,480 
176.26 1560 IT 67 880 15,260 57 380 12,900 
203.37 1800 I T  86 070 19,350 75 440 16,960 
CYCLE #10 CYCLE # l o  
00.67 360 I T  9 470 2,130 9 300 2,090 
81.35 720 I T  21 880 4,970 21 080 4,740 
135.58 1200 IT 39 140 8.800 37 940 8,530 
176.26 1560 I T  52 840 11,880 51 020 11,470 
203.37 1800 IT 67 160 15,100 68 370 15,370 
40.67 360 IT 9 340 ' 2,100 8 320 ' 1,870 
81.35 720 IT 21 880 4,920 20 420 4,590 
135.58 1200 I T  39 280 1 8,830 36 380 1 8,180 
176.26 1560 I T  52 930 11,900 49 060 11,030 
203.37 1800 IT 67 160 15,100 67 160 15,100 
CYCLE #11 CYCLE 111 
CYCLE #15 CYCLE 115 
40.67 360 IT 8 980 2,020 7 700 1,730 
81.35 720 IT 21 530 4,840 18 150 4,080 
135.58 1200 IT 39 100 8,790 33 230 7,470 
176.26 1560 IT 52 580 11,820 44 750 10,060 
203.37 1800 IT 70 720 15,900 61 290 13,780 
NOrBS: 7'IT' denotes i n s t a l l a t i o n  torque. 
ZI Bolt-nut a s s m b l y  ten ted  i n  Transducer Controls load c e l l .  
from Hoseley Autograf Recorder. 
Tensile clamp load determined from X-Y curve 
CYCLE #3 1 CYCLE #3 
I 1 
11 340 '2::5: I 13 340 I z:,";: 
23 890 28 510 
41 720 9,380 47 950 10,780 
55 910 12,570 63 030 14,170 
70 720 15,900 77 840 17,500 
CYCLE ,14 CYCLE #4 
8 720 1:960 1 13 030 1 
CYCLE 66 CYCLE (16 
20 550 4,620 28 380 
36 430 8,190 47 370 10,650 
49 110 11,040 63 560 14,290 
67 160 15 100 80 060 18 003 I 12 503 1 ij:8: 8 850 1 1:990 20 280 4,560 28 110
36 830 8,280 46 880 10,540 
49 860 11,210 63 160 14,200 
73 080 16 430 80 060 18 000 
CYCLE #10 CYCLE 110 
9 030 2,030 I '22 1 4,660 8,210 45 010 10,120 50 080 11.260 63 650 14.310 67 160 15.100 iii 1 $5: 




5 '  
CYCLE #15 
 
6 670 I 1,500 7 780 I 1,750 I 18 060 4,060 18  240 4,100 32 250 7,250 34 430 7,740 43 990 9,890 46 790 10,520 62 490 14,050 68 370 15,370 
32 3 
TABLE NO. I11 J 18 
RESULTS DF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
BAC B3CPIR SBRIBS EXTERNAL WRENCHING HgAD TlTANIM ALLOY BOLTS 
TEST CONDITION: TORQUB pROn BOLT BBAD DESIGN CUElp LMD: 96 880 N e w t o n s  ( 21,180 P o u n d s )  
T h r e a d  Size 1/2-20 u ~ ~ p - 3 ~  
Bolt H a t e r i a l  MI-4V TITANILZ4 ALLOY Nut F i n i s h :  CALMIUM PLATE, QQ-P-416, TYPE I 
Rc' l l  Fmi8h.cADmM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt S p e r l f l c a t l o n .  BOEING, BPS-F-69 Hole Sire 12.827 ( 0 505 I n  ) 
Bolt Part  No : BAC B3M8C32 N u t  P a r t  NO. : JLlOS820B 
Nut H a t e r i a l  8740 STEEL 













































360 I T  
720 I T  
!ZOO I T  
-560 I T  
!760 IT - 
360 I T  
720 I T  
200 I T  
,560 I T  
!760 I T  
360 I T  
720 I T  
200 I T  
560 I T  
760 I T  
SPECIMEN NO. T-TI94 SPECIMEN N0.T-T195 SPECIMEN NO. T-TI96 SPECIMEN NU.T-T197 SPECIMEN NO. - 




CYCLE #2 r 
1,31C 
-____ 
CYCLE #4 T - -  
6 oon 900 
J 5 0  I 2,530 
20 (30 4,660 
27 670 0,220 
68 770 1 L5.460 






4 180 940 . .. 
CYCLE #15 
INDUCED CLAMP LOAD 
34 650 7;790 I 38 210 1 8;590 
75 840 17,050 75 080 16,880 
_I 
CYCLE if3 CYCLE C3 
4 540 I 1.020 11 4 630 I 1.040 
CYCLE if4 I- . 
16 590 1 :;:7: 11 17 880 1 ;[:O: 
22 730 23 970 
























30 740 2 
11 CYCLE #6 
II I 
660 
2,:;: I/ % 1 2,080 
4.280 17 790 4.000 
CYCLE #I1 





N e w t o n s  I ( P o u n d s )  N e w t o n s  I ( P o u n d s )  
n CYCLE 61 
I  
CYCLE C1 
CYCLE 12 CYCLE #2 
15 350 3,450 
28 020 
36 340 8,170 
80 200 18,030 
CYCLE #3 I






CYCLE #6 _ _ _  7 CYCLE !lo 
3 560 800 
9 560 2,150 
20 150 4,530 
27 000 6,070 
63 560 14,290 
CYCLE a l l  CYCLE #I1 
3 960 890 
10 230 2,300 
20 020 4,500 
26 600 5,980 
65 830 14,800 
, CYCLE 115 CYCLE #15 
GALLING 
13TH CYl.LE 
' IT '  d e n o t e s  i n s t a l l a t i o n  t o r q u e .  
B o l t - n u t  assembly t e s t e d  in T r a n s d u c e r  C o n t r o l s  l o a d  cell. Tensile clamp l o a d  d e t e r m i n e d  frw RBI s t r a i n  
I n d i c a t o r .  
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TABLE NO. 111 K 1 
RESULTS OF 15-CYCLE INSTALLATION TOE!?DE-TENSION TESTS OF 
BAC B 3 W  SERIES EXTERNAL WRENCHING HBAD TITANIUM ALLOY BOLTS 
WITH NEW NUI SUBWlTUT~ AT 6TH CYCLE 
TEST CMDITION: TORQUE FROM Nm DESIGIP MMP LOAD: 22 800 Nwtoni ( 5,125 Pomds) 
Bolt Part  No.: BAC B 3 W 4 C l l  Nut Par t  NO. : ~ 2 3 - 4  
Thread Size: 1/4-28 UNJF-3A Nut Mater ia l :  AhLs 6304 STEn 
Bolt M a t e r i d :  6A1-4V TITTAMM ALLOY Nut F in ish :  DRY FILM LUSE OVER CADMIUM PLATE 
Bolt Finish: 
Bolt SpecificatLon: BOEING, BPS-F-69 Hole size: 6.452 tm ( 0.254 in.) 
















































40 IT j : :I , ::: 80 IT 8 540 1,920 120 IT 12 850 2,890 160 IT 17 750 3,990 190 I T  20 770 4,670 T  CYCLE #2 
CYCLE #4 
z: :i I 2 310 1 520 5 120 1,150 
120 I T  8 010 1,800 
160 IT 10 940 2,460 
190 I T  14 190 3,190 
CYCLE #5 
40 IT 1 910 430 
80 I T  4 710 1,060 
120 IT 7 470 1,680 
160 I T  10 360 2,330 
190 IT 13 120 2,950 
CYCLE #6 
i: 1 2 050 460 
4 450 1,000 
120 I T  6 890 1,556 
160 I T  9 610 2,160 
190 I T  12 280 2,760 
CYCLE #I5 
~ _ _ _ _ ~  
SPEClMEN N0.T-T200 SPECMEN N0.T-TZO 
INDUCED CLAHP LOAD 
Newtons I (Paunds) j  Newtons I (Pounds) I Newtons I (Pounds) 1 Newtons I (Poundal 
CYCLE #I 1 CYCLE #1 I CYCLE #l CYCLE 21 
I 1 1 1 n 1 
960 4 400 990 4 580 1,030 4 450 1,000 
9 340 2,100 8 760 1,970 9 650 2,170 9 430 2,120 
14 100 3,170 1 3  170 2,960 14 500 3,260 14 410 3,240 
19 080 4,290 17 930 4,030 19 530 4,390 19 300 4,340 
22 680 5.100 21 570 4,850 23 490 5,280 23 220 5.220 
CYCLE /I2 CYCLE 12 CYCLE #2 
4 2 7 0  I 
CYCLE N2 
I 11 I I I 11 I :
CYCLE N2 n I   11   
16 680 
CYCLE C3 CYCLE #3 CYCLE #3 
2 BW 2 580 ~ ... ... ~~ 
5 830 1,310 5 740 1,290 5 870 1,320 6 580 1,480 
9 300 2,090 8 900 2,000 9 210 2,070 10 230 2,300 
12 590 2,830 12 230 2,750 12 450 2,800 13 830 3,110 
16 370 3,680 15 570 3,500 16 370 3.680 1 7  480 3,930 
CYCLE 14 CYCLE ttG I CYCLE #4 CYCLE l!4 
1,170 5 520 1.240 
1,840 8 540 1,920 
4 850 1,090 5 120 1,150 
8 050 1,810 7 870 1,770 
10 990 2,470 10 990 2.470 2,490 11 880 2,670 
14 460 3,250 14 750 3.315 3.315 , 1 5  570 3.500 
CYCLE 16 1 CYCLE 116 11 CYCLE 16 ! CYCLE X6 
I 1 II 1 
g: 1 i: 1 2 5 450 34 1 1,200 55 I 4 1 820 27  I ::: I I 4 2 450 00 1 l,:i: 
6 320 1,420 8 180 1,840 6 760 1,520 7 070 1,590 
8 810 1.980 11 120 2,500 9 160 2,060 9 920 2,230 
11 740 2.640 14 230 3.200 12 570 2.825 13 920 3.130 
1 470 330 1 870 420 1 650 370 1 600 360 
3 560 800 4 310 970 3 870 870 3 690 830 
5 780 1,300 6 760 1,520 6 230 1.400 5 780 1,300 
8 050 1,810 9 250 2,080 8 500 1,910 8 100 1,820 
1 0  900 2,450 12 010 2,700 11 210 2.520 1 0  900 2.450 
v*IT@ denote8 i n s t a l l a t i o n  torque. 
zt Bolt-nut llasembly t e s t e d  in Transducer Controla laad c e l l .  
Ind ica tor .  





TABLE NO. I11 K 2 
RESULTS OF 15-CYCLE INSTALLATION TDRQUE-TENSION TESTS OF 
BAC B3MII SERIES EkTBBNAL kRENlXING HEAD TITANIDM ALLOY BOLTS 
NEW NUT SUBSTITWED AT 11TH CYCLE 
TEST CONDITION: TORQUE ma4 NUT DESIGN CLAMP LMD: 22 800 Newtons ( 5,125 Pounds) 
Bolt  Part  No. : BAC B3fM?.4Cll Nut Par t  No. : H23-4 
Thread S i r e :  1/4-28 WJF-U Nut Mater ia l :  AMs 6304 STEEL 
Bolt Mater ia l :  6A1-4v TITANIUM ALLOY Nut F in ish :  DRY FILM LUBE OVER CADMIUM U T E  
Bolt F in ish :  CADMIUM F'LATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt  Spec i f ica t ion :  BORING, BPS-F-69 Hole Size: 6.452 nm ( 0.254 i n . )  































80 I T  
120 IT 










120 I T  
190 I T  










40  IT 
80 IT 
120 I T  
160 I T  
190 IT 
40 IT 
80 I T  
120 IT 
160 IT 
190 I T  
I 
SPECIMEN NO. T-T203 SPECIMEN N0.T-T2 SPECIMEN NO. T-T205 SPECMEN N0.T-T206 SPECMEN NO. 
Newtons I (Pounds) 
CYCLE # l   
4 980 1,120 
10 320 2.320 
15 520 3,490 
20 820 4,680 
25 130 5,650 
CYCLE #2 
3 690 830 
7 780 1 1::;
12 140 2,730 
16 370 3,680 
20 460 
I -  
CYCLE 1 3  
 
2 980 670 
6 630 I 1,490 
10 320 2.320 
14 060 3.160 
18 010 I 41050 
CYCLE 114 




10 050 2,260 
13 340 3,000 
CYCLE #15 
3 160 . ... . .. 
4 980 1,120 
6 890 I 1,550 
9 560 2,150 
INDUCED C W  LOAD 
3 470 
2 400 I 560 11 2 670 I 600 
CYCLE N5 11 CYCLE 1 5  
I II 1 
15 300 I 3;440 16 100 I 3;620 
CYCLE #6 CYCLE #6 
2 140 480 2 140 480 
5 340 1,200 5 120 1,150 
8 270 1,860 7 960 1,790 
11 &30 2,570 11 080 2,490 
15 030 3,380 14 770 3,320 
I I 
CYCLE #10 CYCLE #10 
I 3 780 3 910 880 850 
8 320 1,870 8 140 1,830 
12 500 2,810 12 590 2,830 
16 990 3,820 16 990 3,820 
20 190 4,540 20 460 4,600 
CYCLE t 1 5  CYCLE #15 
1 560 1 iz: 1 1 690 I i:tl 
3 960 4 140 
6 230 1,400 6 320 1,420 
8 540 1,920 8 900 2,000 
11 210 2,520 11 740 2,640 
3 250 
CYCLE #3 1 CYCLE X3 
I a I 
CYCLE 114 1 CYCLE #4 
I n I 
2 760 I 620 
CYCLE #5 
I 
2 450 550 
; ;;: 1 1,290 
12 680 2,850 








CYCLE 1 6  -r 
CYCLE (10 
-7- 
CYCLE # l l  
I 
I 
C Y a E  #15 11 CYCLE #15 
I n I 
2 mo I 470 II I 
'IT' denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  in Transducer Controls load c e l l .  
Ind ica tor .  
Tens i le  c l a q  load determined from RBI S t r a i n  
a 
0 
TABLE NO. 111 K 3 
RESULTS OF 15-CYCLE INWSTALLATION TolcQva-TEXSION TESTS OF 
BAC B3- SERIES B X T m  WI(BNCHING RBAD TITANlW ALLOY BOLTS 
WITH NEW NUT SUBSTITW!gD AT 6TE CYCLE 
TEST CONDITION: T O R Q ~  mm DESIGN MEIP LMD: 22 800 Newtons ( 5,125 Pounds) 
Bolt Par t  No. : BAC ~ 3 ( ~ ~ 4 c l l  Nut P a r t  No.: SL 7004C428 
Thread Size: 1/4-28 m J p - ~  Nut Mater ia l :  ~ 2 8 6  mES 
Bolt Mater ia l :  6A1-4v T E ~ M  ALLOY Nut Finish: SILVER PLATE PER AMs 2411 
Bolt F in ish :  CAcpI1IM PLATE, QQ-P-416, TYPE 11, CLASS 3 Washer Part  No. : MS 20002~4 h NS 20002-4 
Bolt Specificatlo":  BOEmG, BpS-p-69 Hole Size: 6.452 mm (0 .254  i n . )  















































40 I T  
80 I T  
120 I T  
160 IT 
300 IT -
40 I T  
80 I T  
120 IT  
160 I T  
300 I T  
__. 
11 15 570 I 3;500 11 18 280 1 4i110 
CYCLE 1 3  1 CYCLE #3 
I n 
5 290 1,190 
;530 11 7 470 1 1.680 
CYCLE #5 
40 IT 1 1 330 1 ,33: 1 IT 
BO IT 3 250 3 510 
120 I T  5 030 1,130 5 290 1,190 
160 I T  6 720 1,510 7 700 1,730 
300IT 15 030 3 380 15 830 3 560 
CYCLE 16 CYCLE #6 
40 IT .. -.. 
80 I T  2 090 470 2 180 490 
120 I T  730 3 560 800 
160 IT % 1 1,000 4 850 1,090 
300 IT 9 300 2.090 9 830 2,210 
W LMD 
Newtons I (Pounds) I Newtons I (Pounds 
CYCLE #1 I CYCLE #I 
I I I 
580 
20 770 I 4;670 I 21 040 1 4;730 




1 160 260 
CYCLE #6 
CYCLE #10 
- .  
3 870 870 i g i o  880 
5 380 1 1,210 I 5 430 1 1,220 
1 0  680 2,400 1 0  900 2,450 
1 070 240 1 070 240 
560 2 400 540 
CYCLE 111 CYCLE Y 1 1  
% 1 3 910 
I I 
980 gi: I 850 :i 
2 490 2 270 
3 830 860 3 470 
5 250 1,180 4 850 1,090 
1 0  680 2,400 9 830 2,210 
CYCLE 115 CYCLE #15 
CYCLE #I 
-I I 








-7- CYCLE #15 
y f I T t  denotes i n s t a l l a t i o n  torque. 
M Bolt-nut assembly t e s t e d  i n  Transducer Controls load c e l l .  
Ind ica tor .  
Teneile clamp load determined from RBI S t r a i n  
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TABLE NO. I11 K 4 
RESULTS OF 15-OICLE INSTALLATION TORQUE-TENSION TESTS OP 
BAC B3CMR SERIES EXTmAL WRENCHING HBAD TITANIDM ALLOY BOLTS 
WITH NEW NVf SUBSTITIWED AT 11TH CYCLE 
TEST CONDITION: TORQUE FRM rn DESIGN CLAMP LOAD: 22 800 Newtons ( 5,125 Pounds) 
Bolt Part No. : BAC B 3 m M l l  Nut Part No. : SL 7W4C428 
Thread S ize:  1/4-28 --)A Nut Material: A286 CRES 
Bolt Material: 6~1-4v TITAN~M ALLOY Nut Finish: SILLVW PLATE PER &IS 2411 
Bolt F i n i s h :  ~ALWIDM PLATE, QQ-P-416, TYPE 11, CLASS 3 Washer Part No. : MS 20002C4 h MS 20002-4 










40 I T  1 420 
, .  
CYCLE #4 
300 I T  10 680 2,400 
CYCLE I5 
120 IT 3 780 
160 I T  5 120 1,150 
300 I T  10 900 2 450 
CYCLE M 
40 I T  
80 I T  
120 I T  
160 I T  
300 I T  
SPECIMEN NO.T-T211 SPECIMEN N0.T-T212 SPECIKEN N0.T-T213 SPECIMEN NO. T-T214 SPECIMEN NO. 




















40 I T  
80 I T  
120 I T  
160 I T  
300 IT  -
3 560 
160 I T  4 760 1.070 
300 I T  I/ 9 300 I 2.090 
I 2 710 2 580 580 610 
5 2W 1,170 5 250 1,180 
8 230 1,850 8 140 1,830 
11 080 2.490 10 850 2,440 
21 310 4,790 20 770 4,670 
CYCLE 1 2  CYCLE #2 
6 490 1,460 5 870 1,320 
8 940 I 2,010 1 7 920 11,780 
16 900 3.800 15 300 3,440 
CYCLE #3 11 CYCLE 63 
I I1 I 
16 680 3;750 13 660 3;070 
CYCLE 14 CYCLE #4 
3 870 2 940 
6 090 1.370 4 940 1,110 
8 320 1,870 6 630 1,490 
15 370 3,680 14 190 3,190 




























CYCLE W6 I"1,280 4 710 1,060 
1,750 6 230 1,400 
3,440 12 830 2,885 
CYCLE #lo 
980 
650 2 450 550 
1,030 3 910 880 
1,420 5 380 1,210 
2,825 10 900 2,450 
CYCLE Ill 
3;380 12 570 I 2;825 
> CYCLE I15 
930 210 260 
590 2 270 510 
910 3 600 810 .. .~ 
1,230 4 980 1.120 
2,450 9 560 2,150 
Y ' I T '  denotes tnstal la t ian torque. 
- 21 Bolt-nut asaembly tested in  Transducer Controls load cel l .  
Indicator. 
Tensile clamp load determined frrm RBI StraiD 
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TABLE NO. I11 K 5 
BESULTS OF 15-CpcLB INXALMION TORQU!&-TENSION TESTS OF 
BAC B3DMR SERIES mBRNAL WXllCHING RBbD TITANIUM ALLOY BOLTS 
WITH NEW NL?l' SWSTITVTED AT 6TH CYCLE 
TBST CQIDITION: TORQLlE FRCM NIX DESIGN CLAMP IUD: 53 380 Newtons (12 ,000  Pounds) 
Bolt  Part  NO.: BAC B3W6C24 Nut Part  No. : H20-6 
Thread S i r e :  3/8-24 UNJF-U Nut Mater ia l :  AMs 6304 STEEL 
Bolt  Mater ia l :  6 ~ 1 - 4 v  TITANILN ALLOY Nut Finish: DRY FILM LUBE O Y W  CADMIUM PLATE 
Bolt Finish: CADMXM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion :  BPS-F-69 (BOEING) Hole Sire: 9.627 m (0.379 in.)  
Washer Part  No.: Ns 20002c h Ns 20002 
SPECIMEN NO.T-TZ15 SPECIMEN NO. T-T21 SPECIHEN N0.T-T217 SPECIMEN NO. T-TZl8 SPECIMEN NO.T-TZ19 TOROUE 
I 1 1  - 
Nm (in-lbf) Newtons I (Pounds) 1 Newtons 
I 11 CYCLE #I  If CYCLE 
16.95 150 IT 11 080 2,490 1 0  540 
33.90 300 IT 22 770 5.120 21 710 
50.84 450 I T  34 160 7,680 32 920 
67.79 600 I T  46 130 10,370 44 080 
77.96 690 I T  53 820 12,100 51 860 
CYCLE #2 
77.96 I 690 I T  11 45 010 I l0:lZO 11 44 700 
IT 16.95 1 150 
33.90 300 IT 16 990 3,820 16 150 
50.48 450 IT 25 840 5,810 24 460 
67.79 600 I T  34 830 7,830 32 870 
77.96 690 IT 40 430 9,090 40 120 




33.90 300 I T  14 720 3,310 14 590 
50.48 450 IT 22 860 5,140 22 460 
67.79 600 IT 30 910 6,950 30 510 





























CYCLE #6 11 CYCLE 16 












I T  
IT 
IT - 
16.95 150 IT 8 630 1 1,940 6 270 1,410 
33.90 300 I T  17 840 4,010 13 880 3,120 
50.48 450 IT 27 180 6,110 21 350 4,800 
67.79 600 IT 36 470 8,200 28 780 6,470 
77.96 690 I T  43 460 9,770 36 210 8,140 
CYCLE #I1 CYCLE # l l  
16.95 150 I T  6 810 1,530 6 000 1,350 
33.90 300 IT 14 630 3,290 13 080 2,940 
50.48 450 IT 22 420 5,040 19 970 4,490 
67.79 600 IT 30 340 6,820 27 130 6,100 
77.96 690 IT 36 210 8,140 34 740 7,810 
CYCLE #L5 CYCLE 115 
NOTES. 
T . ' I T '  denotes i n s t a l l a t i o n  toraue.  
11 520 2,590 
22 600 5.080 
33 450 7,520 
4 4  610 10,030 
51 150 11.500 
CYCLE #2 
9.900 
CYCLE 1 3  
I 
CYCLE #4 
CYCLE #11 - 1 1,400 :21 13 390 3,010 20 370 4,580 27 670 6,220 7,700 
I CYCLE V15 
Newtons I (Pounds) 1 Newtons I [Pounds) 
CYCLE 11 I CYCLE 61 n I 
1.870 8 320 9 700 1 2,180 
17 300 3,890 19 840 4,460 
26 240 5,900 29 940 6,730 
35 360 7,950 40 300 9,060 
43  060 9,680 47 060 10,580 
CYCLE 3 CYCLE #3 
7 070 1 1,590 I 8 100 1 :::, 
14 990 3,370 16 950 3,810 
23 660 5,320 25 710 5,780 
31 WO 6,990 34 690 7,800 
38 920 8.750 43 720 
28 600 31 710 
CYCLE # lo  CYCLE # lo  
14 320 3,220 14 460 3,250 
21 660 4,870 21 880 4,920 
29 530 6,640 29 180 6,560 
36 700 8,250 36 210 8,140 
CYCLE #I1 CYCLE # l l  1 7 120 6 450 1,450 1,600 
13 430 3,020 14 410 3,240 
20 990 4,720 21 710 4,880 
28 290 6,360 29 130 6,550 
35 810 8,050 36 470 8,200 
CYCLE #15 CYCLE #15 
4 450 I 1:OOO 1 5 250 1 1:;l: 
9 920 2,230 11 250 2,530 
15 430 3,470 17 350 3,900 
20 950 4,710 23 400 5,260 
27 000 6 070 29 670 
9 Bolt-nut assembly t e s t e d  in Transducer Controls load c e l l .  
Ind ica tor .  
Tensile clamp load determined frm RBI S t r a i n  
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TABLE NO. 111 K 6 
RESLlLTS OF 15-CYUE INSTALLAION TORQUE-TENSION TESTS OF 
BAC B3CMR SERLES mERXAL !dRENCHING EUD TlTAMW ALLOY BOLTS 
WITH NEU NUT SUBSTITVPED AT llTH CYCLE 
DESIQS a.Al4P LOAD: 53 380 Newtons ( 12,000 Pounds) TEST CONDITION: TORQUE FROM NVP 
Bolt Par t  No.: BAC B3CMR6C24 Nut Par t  No.: H20-6 
Thread Size: 3/8-24 m - 3 ~  Nut Mater ia l :  Am 6304 STEEL 
Bolt Mater ia l :  6A1-4V TlTANIW Woy Nut F in ish :  DRY FILM LUBE OVER CADMIW PLATE 
Bolt F in ish :  CADMIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion :  BPS-F-69 (BOEING) Hole Sire: 9.627 m (0.379 in.) 
Washer Par t  No.: Hs 20002c & Hs 20002 
I1 H II Y ll 
1/ 1 SPECIMEN NO. T-T220[ SPECIMEN NO. T-TZ211 SPECMEN NO. T-T2221 SPECIMEN NO. T-T223 I SPECIMEN NO. T-T224 INDUCED CLAMP LOAD 
Nm I ( i n - l b f )  11 Newtons I (Pounds) 11 Newtons I (Pounds) 11 Newtons I (Pounds; 
CYCLE #1 1 CYCLE #1 CYCLE #I 

























I T  
I T  
I T  
I T  -
I T  
I T  
IT 











11 54 800 I 12;320 11 52 930 I 11;900 11 53 600 I 12:050 
CYCLE 12 11 CYCLE #2 n CYCLE 
I n I I 8 270 I I 9 030 I 2,030 I 8 230 I lf8: 
16 950 18 820 4,230 17 260 
25 620 5,760 28 290 6,360 26 600 5,980 
34 430 7,740 38 160 8,580 35 090 7,890 
41 100 9,240 46 080 10.360 42 080 9.460 , - "  
CYCLE 1 3  11 CYCLE (3 11 CYCLE #3 
16.95 150 IT 5 830 1,310 7 430 1,670 5 960 1,340 
33.90 300 I T  12 500 2,810 15 660 3,520 12 540 2,820 
50.84 450 IT 19 130 4,300 24 550 5,520 19 220 4,320 
67.79 600 I T  25 660 5,770 32 290 7,260 26 330 5,920 






CYCLE W CYCLE 114 CYCLE (14 11 5 070 I 1.140 /I 6 630 I 1.490 11 4 850 1 1.090 
CYCLE #5 11 CYCLE #5 CYCLE #5 
16.95 150 IT 4 940 1,110 6 140 1,380 4 890 1,100 
33.90 300 IT 10 900 2,450 13 340 3,000 10 940 2,460 
50.84 450 IT 16 550 3,720 20 150 4,530 17 120 3,850 
67.79 600 IT 22 460 5,050 27 220 6,120 23 220 5,220 
77.96 690 IT 27 490 6,180 34 070 7,660 28 960 6,510 
CYCLE #6 CYCLE 86 CYCLE #6 
33.90 16. 5 1 300 15  IT T ~ 10 270 2,310 12 770 2,870 10 900 2,450 
50.84 450 IT 15 480 3,480 19 530 4,390 16 990 3,820 
67.79 600 IT 20 770 4.670 26 870 23 130 5,200 
77.96 690 IT 26 330 5,920 33 270 7,480 28 960 6,510 









22 420 20 100 













16.95 I 150 I T  11 3 420 I 770 11 4 310 I 970 11 2 800 I 630 ~.
33.90 300 IT 7 920 I 1,780 9 070 2,040 6 270 1,4iO 
50.48 450 IT 12 190 2,740 13 880 3,120 9 740 2,190 
67.79 600 IT 16 990 3,820 18 990 4,270 13 340 3.000 
77.96 690 IT 20 910 4,700 23 970 5,390 18 10 4.090 
Newtons I (Pounds) 1 Newtons I (Pounds) 
1 n I 
CYCLE #1 I CYCLE #l 
10 270 2,310 11 030 2,480 
:: E: I ::P II :: : I x: 
CYCLE C2 CYCLE #2 
CYCLE 113 CYCLE (13 
13 120 2,950 13 610 3,060 
19 220 4,320 20 510 4,610 
26 870 6,040 28 110 6,320 
32 200 7,240 36 210 8,140 
5 160 1 1::ll 1 5 780 1 :::31 
11 300 2,540 12 810 2,880 
17 390 3,910 19 300 4,340 
23 890 5,370 26 330 5,920 
30 250 34 250 
CYCLE #6 CYCLE #6 
11 300 2,540 11 830 2,660 
17 300 3,890 18 330 4,120 
23 930 5,380 25 040 5,630 
30 510 6 860 33 270 
CYCLE # l o  CYCLE #10 
4 310 3,: 1 4 360 1 980 
9 650 2,170 9 430 2,120 
15 120 14 810 3,330 
20 730 4,660 20 100 4.520 
26 130 5,875 27 400 6,160 
CYCLE #11 CYCLE #11 
T I I T *  denotes i n s t a l l a t i o n  torque. 
21 Bolt-nut assembly t e s t e d  i n  Tranadueer Controla l m d  c e l l .  
Ind ica tor .  
Tens i le  clamp load determined from RBI S t r a i n  
330 
\ 
TABLE NO. 111 K 7 
RESULTS OF 15-GYCLE INSTALLATION TCXQDE-TENSION TESTS OF 
BAC B3(MR SBRIES KXl'ERNAL URENCHING HEAD TITANIUM ALLOY BOLTS 
WITH NEW SUBSTITLITED AT 6TH CYCLE 
TEST CONDITION: TmQm pRm rn DESIGN CUW LOAD: 53 380 Newton. (12,000 Pounds) 
Bolt Part No.: BAC B3LmR6C24 Nut Par t  NO. : MS 21044N6 
Thread Size: 3/8-24 m n - 3 ~  Nut n a t e r i a l :  STEEL 
Bolt Mater ia l :  6A1-4V TITAMW ALLOY Nut F in ish :  CADMIUM PLATE, TYPE 11, CLASS 3, QQ-P-416 
Bolt  Finish:cADMIm PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion :  BPS-F-69 (BOEm) Hole Size: 9.627 mm ( 0.379 in.) 
































67.79 L 101.69 
SPECIMEN NO. SPECMEN NO. T-T225 SPECIMEN NO. T-T22 SPECIMEN NO. T-T227 SPECIMEN NO. 
INDUCED CLAMP LOAD 
CYCLE #I  11 CYCLE #1 CYCLE # i  











0 8 670 I 1,950 I 8 410 1 1,890 1 8 140 1 1,830 16 590 3,730 16 060 3,610 15 750 3,540 24 110 5,420 23 350 5,250 24 020 5,400 31 540 7,090 30 250 6.800 30 960 6,960 47 590 10.700 45 100 10.140 46 040 10.350 IT IT I T  I T  
880 11 3 250 I 
1,870 /I 7 780 1 1,;;: it: 
2,920 12 140 2.730 12 370 
4,140 18 460 4,150 17 080 
8,320 36 740 8,260 34 780 7,820 
CYCLE W CYCLE #& CYCLE 04 
300 t5 I T   7 960 
450 IT 12 370 2,780 12 190 2,740 12 410 2,790 
600 I T  17 880 4,020 17 610 3,960 16 990 3.820 
903 IT 36 700 8,250 36 300 8,160 35 320 7,940 
CYCLE #5 CYCLE 15 CYCLE #5 
820 3 870 870 3 470 780 150 IT 3 650 
300 IT 7 780 1.750 7 780 1,750 7 560 1,700 
450 IT 12 190 2,740 12 050 2,710 12 140 2,730 
600 IT 17 660 3.970 17 880 4,020 16 860 3,790 
900 IT 36 250 8,150 36 610 8,230 34 960 7,860 1 CYCLE 
150 I T  I ; ;:: 
300 IT 
450 IT 12 500 
600 IT 17 480 
900 IT 34 340 
CYCLE 116 
2.460 12 320 2,770 10 630 
5,090 25 130 5,650 20 680 
7,320 37 1GQ 8,340 29 890 
9,270 45 330 10,190 37 500 
CYCLE #10 
1,020 4 230 950 4 090 
2,030 8 670 1,950 8 450 
3,220 13 570 3,050 13 830 
4,680 19 700 4,430 19 880 
8.260 35 720 8,030 35 900 
L CYCLE # l l  CYCLE 
910 3 740 
1,980 8 580 1.930 8 100 
3.030 12 900 2,900 13 080 
4.340 18 680 5,200 19 130 
8,030 35 320 7,940 35 360 
, CYCLE 115 CYCLE 


























 CYCLE X2 









 CYCLE #11 





1 C CLE 113 










'IT' denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  i n  Transducer Controls load c e l l .  
Ind ica tor .  
Tens i le  c l a w  l a d  determined frm RBI S t r a i n  
i 
3 31 
TABLE NO. 111 K 8 
RESULTS OF 15-cycLB INSTALLATION TORQUE-TENSION TESTS OF 
BAC B30MI( SERIES EXTERNAL WRENCHING RBM) TITANIW ALLOY BOLTS 
WITH NEU NUT SUBSTmED AT llTH CYCLE 
TEST CONDITION: TORQUE FRDEI NljT 
Bolt Part  No.: BAC B3oHR6C24 
DESIGN CLAMP LMD: 53 380 Newtons ( 12,000 Pounds) 
Nut Par t  No. : MS 21044N6 
Thread Size: 3/8-24 m - 3 A  Nut Material:  STEEL 
Bolt Mater ia l :  6A1-4v TITANIM ALLOY Nut F in ish :  CADMIDM PLATB, TPPB 11, CLASS 3,  QQ-P-416 
Bolt Finish:CADELIm PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion :  BPS-F-69 (BOEING)  ole Sire: 9,627 mm ( 0.379 in.) 
Washer Par t  NO.: MS 20002C6 h MS 20002-6 
n I1 
0. T-T230 SPECIMEN NO. SPECIMEN NO. SPECIMEN NO.T-T228 SPECIMEN NO. T-T229 SPECIHE 


























[Pounds) I Newtons I (Pounds)] Newtons 
n CYCLE #I 1 CYCLE 
I A 
(Pounds - Newtons I (Pounds 
7 
Newtons (Pounds) 
CYCLE #I I CYCLE 1 2  
I CYCLE #3 







::::: 11 1: ::: I :E: 1 1: E: 
5,050 21 130 4.750 21 310 
6,610 29 310 6;590 28 650 


























CYCLE 83 CYCLE 
1,850 7 650 1,720 ; ;;; 
2,820 12 590 2.830 12 140 
4,060 18 330 4,120 18 460 
7,840 36 610 8,230 36 780 
840 I 3 560 I 800 
CYCLE #4 CYCLE 
740 3 380 
1,820 7 380 1,660 7 610 
2,740 11 8b0 2,670 11 970 
4,020 17 300 3,890 18 460 
7.700 36 380 8,180 35 360 
810 3 290 
CYCLE /I5 CYCLE 
770 3 340 750 3 160 
1,800 7 340 1,650 6 850 
2,780 11 790 2,650 11 390 
4,030 17 080 3,840 17 570 
















150 I T  
300 IT 
450 IT 












34 610 - 






CYCLE #6 CYCLB 16 CYCLE #6 
3 420 770 3 290 740 3 020 680 
7 430 1.670 7 160 1.610 7 070 1.590 
CYCLE 16 CYCLE #6 r CYCLE # l o  
I CYCLE #11 
I CYCLE 115 
11 520 2,590 11 650 2;620 11 160 2;510 
17 120 3.850 16 860 3,790 17 210 3,870 
34 340 7,720 35 670 8,020 35 410 7,960 
CYCLE $10 CYCLE #IO CYCLE #IO 
3 250 730 3 070 690 2 710 610 
7 030 1.580 6 890 1,550 6 720 1,510 
I1 430 2,570 11 790 2,650 11 520 2,590 
16 950 3,810 16 680 3,750 16 770 3,770 
32 920 7,400 33 890 7,620 34 030 7,650 
I I I 
C Y a E  #I1 c y a E  $11 CYCLE 111 
CYCLE #lo 






















6 270 I 1,410 I 6 140 1 '-:3:: 1 5 870 1 1,320 13 610 3,060 13 88  12 770 2,870 
19 930 4,480 20 680 4,650 19 840 4,460 
26 600 5,980 28 330 6,370 27 930 6,280 













' 'IT' denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  in Transducer controls load c e l l .  
Ind ica tor .  
Tens i le  clamp load determined from RBI S t r a i n  
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TABLE NO. 111 K 9 
RESULTS OF 15-CYCLE INSIXLATION TCStQDE-TENSION TESTS OF 
BAC B3OMR SBBIES EWWIw WRBNCHING HEAD TITANIUM ALLOY BOLTS 
WITH NEW aUr SUBSTITUTED AT 6TH CYCLE 
TEST CONDITION: TORQUE FRCn NlJC DESIGN CIAELP LOAD: 96 880 Nwtons ( 21,780 Pounds) 
Bolt Part  No.: BAC ~ 3 0 ~ ~ 8 ~ 3 2  Nut Par t  No.: 1120-8 
Thread Size: 1/2-20 m ~ p - 3 ~  Nut Material:  AMs 6304 STEEL 
Bolt Mater ia l :  6A1-4" T ~ ~ U P I  &LOP Nut F in ish :  DRY FILM LUBE O V W  CADMIUM PLATE 
Bolt  F in ish :  CAIMIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt SpeClficatiOn. BOEING, BPS-F-69 Hole Sire: 12.827 5 ( 0.505 in.) 
Washer Par t  No.: MS 20002C8 h MS 20002-8 
102 530 
CYCLE U2 . CYCLE I2 
40.67 360 IT 
81.35 720 IT 
135.58 1200 I T  
176.26 1560 I T  
203.37 1800 I T  
18 150 4,080 1 7  370 4,130 18 900 4,250 
37 500 8,430 37 590 8.450 37  190 8,360 
63 030 14,170 62 490 14.050 63 610 14,300 
81 400 18,300 80 330 18.060 81 980 18,430 
95 450 21,460 94 300 21,200 94 300 21,200 
CYCLE 112 CYCLE 12  CYCLE 92 
40.67 360 I T  
81.35 720 I T  
135.58 1200 I T  






203.37 I 1800 I T  
360 IT 
720 I T  
1200 I T  
1560 I T  
1800 IT 
40.67 360 IT 
81.35 720 I T  
135.58 1200 IT 
7 =.m -vi 210 7.470 30 910 6.950 
40.67 360 IT 
81.35 720 I T  
135.58 1200 IT 
176.26 1560 IT 




37 190 8,360 33 63C . ,___ _ _  --. 
50 040 11.250 44 840 10,080 45  640 10:260 42 390 9;530 
64 830 14,575 57 820 13,000 61  290 13,780 56 580 12,720 
SPECIMEN N0.T-T231 SPECIMEN NO.T-TZ32 SPECLMEN NO. T-T23 SPECINEN NO.T-TZ34 SPECIMEN NO.T-TZ35 
I (Pounds) 
INDUCED CLAHP LOAD 
Newtons I (Pounds) Newtons I (Pounda) 11 Newtons I (Pounds) I Newtons I (Pounds) 1 Newtons 
CYCLE #I 11 CYCLE #1 1 CYCLE #l  I CYCLE #I n CYCLE #I 
I I II I I I II I 
14 540 3,270 1 5  520 3,490 
30 600 I 5,880 1 32 510 1 7,310 
51 770 11.640 54 180 12,180 
68 720 15.450 72 010 16.190 
82 510 I 181550 11 87 230 1 191610 
26 110 30 200 
1 5  700 3,530 1 5  080 3,390 14 630 3.290 
32 110 7,220 31 360 7,050 30 780 6,920 
53 550 12,040 54 000 11,960 51 240 11,520 
72 060 16,200 70 810 15,920 67 790 15,240 
84 870 19,080 83 620 18,800 81 330 18,285 
CYCLE d3 CYCLE 113 CYCLE #3 
I I 
2,040 12 100 2,720 10 760 2,420 10 050 2,260 11 480 2,580 
20 550 4,620 25 800 5,800 23 490 5,280 22 460 5,050 25 310 5,690 
36 470 8.200 43 680 9,820 41 590 9,350 39 410 8,860 42 570 9,570 
48 570 10,920 59 560 9,820 56 180 12,630 53 380 12,000 57 250 12,870 
63 650 14,310 73 080 16,430 70 720 15,900 67 160 15,100. 71 880 16.160 
g 0 7 0 1  
,, 
~ @ l T v  denotes i n s t a l l a t i o n  torque. - 21 Bolt-nut assembly t e s t e d  i n  Transducer Control8 load c e l l .  Tenaile clamp load determined frnn RBI S t r a i n  
Indica tor .  
3 3'3 
TABLE NO. I11 K 10 
RESULTS OF 15-CYCLE INSTALLATION TORQLE-TENSION TESTS OF 
BAC B 3 W  SERIES EXTERNAL WRENCHING HEAI) TITANIUM ALLOY BOLTS 
WITH NEW NUTS SUBSTITUTED AT llTH CYCLE 
TEST CONDITION: TORQUE FROM rn DESIGN CLANP LOAD: 96 880 Nevtoas ( 21,780 Pounds) 
Bolt  Par t  NO. : BAC B3W8C32 
Thread Size: 1/2-20 mJF-3A Nut Mater ia l :  AMs 6304 STEEL 
Bolt Mater ia l :  6A1-4V TITANIUM ALLOY Nut F in ish :  DRY FILM LUBE OVER CADMIUM PLATE 
Bolt  F in ish :  CADMIUM PLATE, 9Q-P-416, TYPE 11, CLASS 3 
Bolt SpeCiflcatlon. BOEING, BPS-F-69 Hole Size: 12.827 mm ( 0.505 i n . )  
Nut Part  No. : H20-8 
Washer Part  No.: HS 20002C8 h ELS 20002-8 
Nm 
SPECIMEN NO.T-TZ36 SPECPLJ3N NO.T-TZ37 SPECIMEN NO.T-TZ38 SPECIMEN NO. T-T239 SPECIMEN NO.T-TZ40 





I T  
I T  
I T  
I T  
IT 
40.67 360 I T  
81.35 720 IT 
135.58 1200 IT 
176.26 1560 IT 
203.37 1800 I T  
360 IT 
720 I T  
1200 I T  
1560 IT 
1800 I T  
40.67 360 IT I 81.35 720 I T  I 135.58 1200 I T  
176.26 1560 I T  
203.37 1800 I T  
40.67 360 I T  
81.35 720 I T  
135.58 1200 I T  
176.26 1560 IT 
203.37 1800 IT 
CYCLE 






























1 14 370 I il:Z: 3,830 8,080 29 6
13,720 51 060 11,480 
17,940 66 760 15,010 
21,470 80 150 18,020 
11 CYCLE 114 
3,840 12 680 2,850 
8.050 26 910 6.050 
11 CYCLE 16 11 CYCLE #6 I I  I II I 1 40.671 360 IT 1 15 660 1 Z:::: 1 10 900 2; 
81.35 720 IT 33 230 23 750 5,340 
135.58 1200 IT 57 600 12,950 41 010 9,220 
176.26 1560 I T  76 510 17,200 54 350 12,220 
203.37 1800 I T  90 740 20,400 66 010 14 840 
CYCLE 110 CYCLE #10 
40.671 360 IT 1 14 370 ;:Ji: I 9 830 2,210 
81.35 720 I T  32 030 22 240 5,000 
135.58 1200 I T  55 110 12,390 38 700 8,700 
176.26 1560 IT 73 700 16,570 51 060 11,480 
203.37 1800 IT . 90 740 20,400 62 490 14,050 
CYCLE #ll CYCLE #11 1 40.671 360 IT I 19 660 ::4+: 1 17 300 
81.35 720 IT 40 390 35 320 
135.58 1200 IT 67 880 15,260 59 070 13,280 
176.26 1560 IT 88 740 19,950 77 220 17 360 
203.37 1800 IT 104 970 23,600 91  940 20,670 
CYCLE #15 CYCLE 115 1 40.61 360 IT 1 15 920 1 // 12 320 1 ;:;7: 81.35 720 IT 33 980 26 15  
135.58 1200 I T  58 850 13,230 44 570 10,020 
176.26 1560 I T  77 170 17,350 58 180 13,080 
203.37 1800 IT 94 300 21,200 71 880 16,160 
IMP LOAD 
Newtons (Pounds; 
CYCLE #1  
19 480 4,380 
39 140 8,800 
65 210 14.660 





























































Newtons 1 (Pounds) 
CYCLE 111 I 
1 7  440 3,920 
61 070 13.730 
35 980 8,090 
79 530 , I Ui8:: 
94 300 
CYCLE C2 
14 990 3.370 
CYCLE 13 
I 
14 140 3,180 
30 690 6,900 
69 830 15.700 
52 840 1 11,880 




11 250 2,530 
25 220 5,670 
43 680 9,820 
57 560 12,940 
69 570 15.640 
CYCLE #6 
I 
11 120 2.500 
25 040 1 5,630 
43 410 9.760 
57 650 12;960 




16 590 3,730 
33 400 7,510 
56 310 12,660 
73 130 16.440 
88 400 I 19;875 
CYCLE #15 
 
lewtons I (Pounds) 
 
CYCLE 111 
20 100 4,520 
39 230 8,820 
64 850 14.580 




i3 690 1 12:070 
70 230 15.790 




12 590 2,830 
26 330 5,920 
45 330 10,190 
59 290 13,330 ! 74 CYCLE 280 15 16,700 
I 
CYCLE #6  
11 790 2,650 
26 780 6,020 
46 390 10.430 
61 470 13;820 




18 770 4,220 
39 010 8,770 
66 050 14,850 
86 650 19,480 
101 370 22.790 





'IT' denatea i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  i n  Transducer Controls load c e l l .  Tensile clamp load determined from RBI S t r a i n  - 
Indica tor .  
3 34 
TABLE NO. 111 K 11 
RESULTS OF 15-CYCLX INSl'ALWION TORQUE-TENSION TESTS OF 
BM: BUMB. SERIES EXTWJlAL WRENCRXW HEkD TITANIW ALLOY BOLTS 
VITA NEW SUESTITWED AT 6TH CYCLE 
TKST CONDITION: TCCiQUE FROH NW DESIGN M M p  LMD: 96 880 Newton. ( 21,780 Pounds) 
Bolt Par t  No.: BAC B3-8C32 Nut Part No. : JLIOS82OB 
Thread Size: 1/2-20 UNJF-3A Nut n a t e r i a l :  8740 STEEL 
Bolt  Matertal 6AI-4'4 TITANIIM ALLOY Nut F in ish :  CADNIUM PLATE, W-P-416. TYPE I 
Bolt Finish: CADMXUH PLATE, W-P-416, TYPE 11, C U S S  3 
Bolt Speci f ica t ion .  BOEING, BPS-P-69 Hole Size: 12.827 m ( 0.505 i n . )  














E 11 SPECMEN N0.T-T241 1 SPECMEN N0.T-T242 1 SPECINEN NO.T-TZ43 1 SPECMEN NO.T-TZ44 1 SPECMEN NO. [ 




































720 IT 18 640 4,190 20 550 4,620 21 310 4,790 
Uo0 I T  31 050 6,980 35 090 7,890 3 7  050 8,330 
1560 IT 42 120 9,470 46 210 10,390 48 840 10,980 
1800 IT 55 240 12,420 58 490 13,150 63 520 14,280 
360 I T  8 450 1,900 9 160 2,060 9 560 2,150 
, 
T I I T '  denotes i n s t a l l a t i o n  torque. 
2/ Bolt-nut assembly t e s t e d  in Transducer Control. lord cell. 
Indica tor .  
Tensile c l m p  lMd determined fraa RBI S t r a i n  
335 
TABLE NO. I11 K 12 
RESULTS OP 15-CYCLE INSTALLATION TORQUE-TmSION TESTS OF 
BAC B30MR SERIES EXTERNAL WRENCHING HBAD TITANIUM ALLOY BOLTS 
WITH NEW W SLIBSTITUTH) AT llTH CYCLE 
TEST CONDITION: T ~ Q ~ E  DESIGN CLAMP LOAD: 96 880 Newtons ( 21,780 Pounds) 
Bolt Part No.: BAC B3m8C32 Nut Par t  NO. : filos820B 
Thread Size: 1/2-20 IMm-3A 
Bolt Mater ia l :  6A1-4V TIl'TANIm ALLOY Nut F in ish :  CADMIUM PLATE, gQ-P-416, TYPE I 
Bolt F in ish :  CADMIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Spec l f lca t lon .  BOEING, BPS-F-69 Hole Sire: 12.827 m ( 0.505 in.) 
Nut Mater ia l :  8740 STEEL 

















































: in - lbf )  = 
360 I T  
720 IT 
1200 I T  
1560 IT 
1800 IT __ 
360 IT 
720 11 
1200 I T  
1560 IT 
1800 I T  
360 I T  
720 I T  
1560 IT 
1200 I T  
1800 I T  
360 IT 
720 I T  
1200 I T  
1560 IT 
1800 IT 
360 I T  
720 I T  
1200 IT 
1560 IT 
1800 I T  -
360 IT 
720 I T  
1200 IT 












360 I T  
720 IT 
1200 I T  
1560 IT 
1800 IT -
SPECIMEN NO.T-TZ45 SPECMEN NO. T-T24 SPECIMEN NO.T-T247 SPECMEN NO.T-TZ48 SPECIMEN NO. 
Newtons I (Pounds: 
I 
CYCLE #1 
16 860 3,790 
34 780 7,820 
58 090 13,060 
77 080 17,330 
91 070 20,475 
CYCLE 1 2  
f
14 860 3,340 
31 180 7,010 
51 460 11,570 
69 210 15,560 
82 820 18.620 
I .  
CYCLE 13 
12 100 2,720 
45 240 10,170 
60 720 13 650 
75 970 I 171080 
v
26  GO 6,nzo 
CYCLE #4 
10 850 2,440 
24 330 5,470 







49 190 11,060 
63 780 I 14:340 
CYCLE 111 
 
CYCLE 115  
16 320 3,670 
35 410 I 7.960 
59 960 13z480 
BO 690 18,140 
38 570 I 22,160 
INDUCED CLAMP LOAD 
Newtons (Pounds) Newtons I (Pounds 
I I1 I 
CYCLE 11 0 CYCLE # l  
86 110 I 19;360 )I 86 690 I 19;490 
CYCLE 12 n CYCLE #z 
I It I 
12 050 ::;:: 1 11 430 ! g1;5: 
26 380 25 260 
46 040 10,350 44 040 9,900 
59 910 13,470 58 310 13,110 
75 530 16,980 73 610 16,550 
CYCLE #5 CYCLE 1 5  
ClCLE 16 11 CYCLE 66 
I II I 
10 540 1 ij" 1 10 100 :j::: 
23 970 23 660 
41 860 9,410 41 590 9,350 
55 330 13,440 55 290 12,430 
70 720 15 900 69 830 1 5  700 

















86 910 - 
T * I T '  denotes i n s t a l l a t i o n  toroue. 
2,230 8 980 2,020 
5.080 11 21 390 I 4.810 0 37 630 8;810 I ai460 
12,030 50 350 11,320 
15,430 65 340 14,690 
1 11 CYCLE #11 
4,460 
8,730 I !I z: I 
14,500 53 020 11,920 
18.840 15.690 
22;290 11 85 180 I 19;lSO 
5 11 CYCLE 115 
II I 
Newtons 1 (Pounds 
15 520 3.490 
31 490 7,080 
52 750 11,860 
68 630 15,430  82 CYCLE 820 #2 18,620 CYCLE #I 
CYCLE 113 
CYCLE #4 
CYCLE 115 ' 
10 540 2,370 
24 690 5,550 
43 630 9,810 
57 820 13.000 




16 990 3,820 
35 320 7,940 
59 650 13,410 
78 200 17.580 
9- 
CYCLE 115  
12 900 2,900 
29 000 6,520 
50 660 11,390 
67 030 15.070 
84 470 I 181990 
Newtons (Pounds1 








1- CYCLE 115 
Ti  Bolt-nut esaembly t e s t e d  in T&nsducer Controla load c e l l .  
Ind ica tor .  
Tensile clamp load determined frm RBI S t r a i n  
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TABLE NO. 111 L 1 
RESULTS OF 15-CYCLE INSTALIATION TORQUE-TENSION TESTS OF EAC 
UNDER 3" BENDING CONDITIONS 
B3OMR SERIES EXTERNAL WRENCHING HBAU TITANIUM ALLOY BOLTS 
DESIGN CLAMP LOAD: 22 800 Newtons ( 5,125 Pounds) 
Nut Par t  No.: H23-4 
Nut Mater ia l :  AMs 6304 STEEL 
Nut F in ish :  DRY FILM LUBE OVER CADMIUM PLATE 
Washer Part  NO.: 3* HARDENED WASHER mBR Nm 


















































( i n - l b f )  
40 IT 
80 I T  
120 I T  
160 IT 
190 I T  
40 I T  
80 I T  
120 I T  
160 IT 
190 I T  
40 I T  
80 I T  
120 IT 
160 I T  
190 I T  
40 I T  
80 I T  
120 I T  
160 IT 




160 I T  
190 IT 
40 IT 
80 I T  












190 I T  





SPECIMEN NO. T-T249 SPECMEN NO. T-T25 
INDUCED 
1 8 360 1 :::E," 9 210 1 2,070 13 880 3,120 12 680 2,850 18 590 4,180 16 99
22 370 5,030 20 190 4,540 
CYCLE 12 CYCLE C2 
7 740 1,740 5 250 1,180 
11 700 2,630 8 010 1,800 
15 660 3,520 10 810 2,430 
19 130 4,300 13 340 3,000 
CYCLE 1 3  CYCLE 83 
CYCLE 14  I1 CYCLE 14 
2 090 470 1 690 380 
CYCLE B5 - 
4 400 3 650 
CYCLE #11 11 CYCLE #ll 
I I1 I 
280 1 % 11 ; 2;: I 830 





1 7  080 














CYCLE 114 1 CYCLE 114 11 CYCLE #4 
I I I 
980 220 890 200 
3 510 790 3 290 740 
5 600 1,260 5 340 1,200 
7 700 1,730 7 340 1,650 
10 360 2,330 9 830 2,210 
v * I T e  denorea i n a t a l l a t i o n  torque. 
El Bolt-nut assembly t e s t e d  i n  Transducer Controls load c e l l .  Tens i le  c laW load determined from X-Y curve 













TABLE NO. I11 L 2 
RESULTS OF 15-CYCLE INSTALLATION TORQUB-TKNSION TESTS OF BAC 
B3owR SmIES EXTWNAL WRENCHING HEAD TITANIIIM ALLOY BOLTS 
UNDW 3' BKNDING CONDITIONS 
TEST CONDITION: TollQue FA)Y BOLT HEAD DESIW CUMP LMD: 22 800 Nentona ( 5,125 Pounds) 
Bolt Part No. : BAC B3owR4Cll Nut Part No.: ~ 3 - 4  
Thread Size: 1/4-28 r n z - 3 ~  Nut Material: AMS 6304 STEEL 
Bo't Material: 6A1-4V TITANIUM ALLOY Nut Finish: DRY FILM LUBE OVER CADMIIM PLATE 
Bolt Specificatmn. BOEING, B P S - F - ~ ~  Hole Size: 6.452 m (0.254 in.) 
F d s h :  CADMIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 Washer Part NO.: 3- HARDENED WASHER UNDER BOLT HEAD 
SPECMEN N0.T-T253 SPECIMEN NO. T-T25 SPECIMEN N0.T-T255 SPECIMEN N0.T-T256 SPECIMEN NO. I - 
11 























150 IT -I} CYCLE 
120 IT 1 ;;g 40 I 80 IT 5 340 120 IT 8 940 150 IT 11 210 
40 IT 2 940 
80 IT 5 290 
120 IT 9 070 



























1.610 - 2.090 
I '  
CYCLE 12  11 CYCLE 112 
4 090 
8 650 1,720 l,;: 9  1 ; ?9;: 1 
13 030 2.930 12 590 2,830 
16 900 3,800 16 100 3,620 
CYCLE #3 CYCLE 03 1 3 420 3 690 ! 830 1 770 
7 160 1,610 6 540 1,470 
11 880 2,670 11 520 2,590 
15 570 3,500 15 030 3,380 
CYCLE #4 CYCLE #4 1 2 940 3 110 I 700 
,! 660 
6 360 1,430 5 830 1,310 
10 900 2,450 10 320 2,320 
14 460 3.250 13 920 3,130 
CYCLE 65 CYCLE #5 
CYCLE #6 11 CYCLE 16 
I ti I 1 2 270 2 490 560 510 
5 250 1.180 4 630 1,040 
9 300 2,090 8 450 1,900 
12 570 2,825 11 740 2,640 
CYCLE 110 CYCLE #IO 
1,720 
. . ,, 
CYCLE #I5 11 CYCLE #15 
II I 
2 000 1 ,:G: 11 1 560 1 4 270 3 607 870 1,770 6 180 1,390 10 680 2 400 8 720 1 960 





3 340 750 
5 960 I 1.340 
10 230 2,300 
13 660 3,070 
2 980 670 
5 250 I 1,180 
9 210 2,070 
12 830 2,885 
--?- 
1,580 
iewtons I (Pounds) 
CYCLE #l 
7- 
CYCLE 12 I L
CYCLE C3 
CYCLE r 





-I- CYCLE 115 
'IT' denotes installation torque. 
Bolt-nut assembly tested in Transducer Controls load cell. 
frm Moseley Autograf Recorder. 
Tensile clamp load determined from X-Y curve 
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TABLE NO. 1 x 1  L 3 
RESULTS OF 15-OICLE INSTALLATION TORQUE-TXNSION TESTS OF BAC 
B3WR SERIBS EXTERNAL WRENCHING HBAD TITANIUM ALLOY BOLTS 
UNDER 3' BENDING CONDITION 
TEST CONDITION: TORQUF, FRM NGT DESIGN CLAW LWD: 96 880 Newton. (21,780 Pounds) 
Bolt Part  No.: BAC B30PIR8C32 Nut Par t  No. : 1120-8 
Thread Size: 1/2-20 UNJP-3A Nut Mater ia l :  AMS 6304 STEEL 
Bolt  Mater ia l :  6A1-4V TITANIUM ALLOY Nut F in ish :  DRY FILM LUBE OVER CADMlUH PLATE 
Bolt Finish:CADMIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt S p e c i f x a t i o n .  BOEING, BPS-F-69 H O ~  Size: 12.827 m ( 0.505 i n . )  















































( i n - l b f )  
360 IT 
1560 IT 
720 I T  
1200 IT 
1800 IT 
360 I T  
720 IT 
1200 I T  
1560 IT 
1800 I T  -
360 IT 
720 I T  
1200 IT 
1560 IT 
1800 I T  
360 I T  
720 I T  
1200 I T  
1560 I T  
1800 I T  
360 I T  
720 I T  
1200 IT 
1560 IT 
1800 I T  




1800 I T  
360 I T  
720 IT 





1200 I T  
1560 I T  
1800 I T  
360 IT 
720 I T  




SPECIMEN NO.T-T257 SPECIMEN N0.T-T258 SPECIMEN NO. T-T259 SPECIMEN NO. T-TZ60 SPECIMEN NO. 
INDUCED 
Newtons 1 (Pounds) Newtons I (Pounds 
CYCLE 81 CYCLE #I 
10 010 2,250 10 450 2,350 
21 390 4,810 24 550 5,520 
37 810 8,500 40 920 9,200 
49 770 11,130 53 020 11,920 
58 800 13,220 64 720 14,550 
I I 
CYCLE #2 CYCLE #2 
8 450 1,900 8 810 1 9 8 0  
1 7  750 1 3,990 I 18 860 I 4:240 34 740 7.810 40 430 9.090 
48 660 10.940 67 390 15.150 
62 450 I 141040 11 85 130 1 19I140 
15 660 3,520 17 880 4,020 
34 160 7,680 38 120 8,570 
46 480 10,450 56 360 12,670 
59 690 13,420 72 410 16,280 
CYCLE #4 CYCLE 114 
5 650 
26 870 
1 1,040 I 4 630 5 250 I 1,180 
I1 300 2,540 14 010 3,150 
26 150 5,880 29 940 6,730 
38 790 8,720 46 170 10,380 
51 240 11,520 52 540 11,820 
CYCLE 110 CYCLE 110 
CYCLE #15 11 CYCLE #I5 
I II I 
26 020 
\Me LOAD 
Newtons I (Pounds) I Newtons I (PwndsJ 
CYCLE #I I CYCLE #l 
I I I 
1 16 950 18 820 41230 I 3:SlO 
36 780 8,270 34 250 7,700 
48 040 10,800 47 500 10,680 
68 450 15,390 64 540 14,510 
CYCLE #4 CYCLE #4 
CYCLE 16 CYCLE #6 
I 35 540 39 630 j ai910 j 7;9QO 
52 620 11,830 45 680 10,270 
CYCLE #11 CYCLE #11 I 4 450 4 580 1,030 1.000 
12 190 2,740 11 340 2,550 
25 220 5,670 23 930 5,380 
39 500 8,880 35 720 8,030 
49 330 11,090 *4 080 9,910 
CYCLE 115 CYCLE 115 
CYCLE 1 2  







T " 1 T '  denotes i n s t a l l a t i o n  torque. 
21 Bolt-nut assembly t e s t e d  i n  Tranadueer Controls load c e l l .  
Ind ica tor .  




TABLE NO. I11 L 4 
RESULTS OF 15-CYU.E INSTALLATION TORQUE-TENSION TESTS OF BAC 
B3OMR SERIES EXTWNAL WRENCHING HEM) TITANIUM ALLOY BOLTS 
ULYDER 3’ BENDING CONllpTI(IN 
TEST CONDITION: TORQUE FRDM BOLT RBAD DESIGN LOAD: 96  880 Newtons ( 21,780 Pounds) 
Bolt Part  No.: BAC B3m8C32 Nut Part  No.: U O - 8  
Thread Sire: 1/2-20 UNJP-3A Nut Material:  AMS 6304 STEEL 
Bolt Mater ia l :  6A1-4V TITANIUM ALLOY Nut F i n i s h :  DRY FILM LUBE OVER CAIMILM PlATE 
Bolt Pmish:CADMIUM PLATE, QQ-P-416, TWE 11, CLASS 3 
Bolt Speclfzcatlon. BOEING, BPS-F-69 ~ o l e  s ize :  12.827 rn (0.505 in . )  
Washer Part  NO.: 3’ HARDwlED WASHW UNDER BOLT lIEAD 
40.67 360 I T  
81.35 720 IT 
135.58 1200 I T  
40.67 360 IT 
81.35 720 IT 
135.58 1200 IT 
IT 
IT 
I SPECIMEN N0.T-T261 SPECMEN NO. T-T26 SPECIMEN NO.T-TZ63 SPECIMEN NO. T-T264 SPECIMEN NO. - 
Newtons 1 (Pounds 
-=?---- 
16 990 3,828 
37 450 8,421 
48 440 10,893 
60 980 13,711 
85 990 19,321 
CYCLE 12 ----r-- 
CYCLE #3 
I 
CYCLE #4 v 
CYCLE I 5  
 
CYCLE #6 v 
37 050 8;33( 
60 310 I 13.W 




INDUCED CLAMP LOAD 
Newtons I (Pounds)!  Newtons 1 (Pound 
CYCLE 11 n CYCLE 
9 210 2,070 10 230 2,30 
21 310 4,790 21 480 4.83 
40 970 9,210 38 390 8,63 
57 070 12.830 56 530 12.71 
79 890 17,960 80 380 18.07 
7 830 1 1,760 8 230 1.85 
17 970 4,040 19 080 4.29 
35 010 7,870 33 890 7.62 
46 390 10,430 49 240 11.07 
72 410 , 16,280 75 080 16,88 
CYCLE $4 CYCLE #4 
7 290 1,640 6 940 * 1.56 
1 7  700 3,980 16 950 3.81 
33 140 7,450 31 310 7,W 
43 990 9.890 42 210 9.491 
CYCLE #3 CYCLE 113 
67 160 I 15;lOO 11 63 830 1 14i35 
1 I 
CYCLE #5 11 CYCLE #5 
6 090 1 7 030 1 ;:581 
16 100 3,620 16 680 3,751 
31 050 6,980 31 580 7,101 
42 120 9,470 41 770 9,391 
63 870 14 360 63 920 1 371 1 1; CYCLE 86 CYCLE 16 5 380 1,210 6 050 1,361 14 500 3,260 15 120 3,401 29 490 6,630 28 780 6,471 37 670 8,470 37 230 8,37( 59 600 13,400 61 650 13,861 CYCLE 110 CYCLE # l o  
CALLING 
7TH CYCLl 
CYCLE #11 CYCLE #11 
CYCLE X15 CYCLE #15 
Newtons I (Pounds) Newtons I (Pounds) 
CYCLE # l  CYCLE #I 
11 740 2,640 
24 550 5,520 
44 350 9,970 
84 330 13,800 
84 330 18,960 
CYCLE 1 2  CYCLE #2 
I I 
9 030 2,030 
20 370 I 4.580 II .--- 
37 450 8,420 
52 750 11,860 
76 420 17,180 
CYCLE #3 11 CYCLE #3 
I It I 
71 080 1 15;980 
CYCLE #4 
CYCLE 1 5  
CYCLE (16 I 
CYCLE #4 
I 
CYCLE 5 I 
CYCLE 66 - 
28 780 
35 980 
Y’IT’ denotes i n s t a l l a t i o n  torque. 
21 Bolt-nut assembly t e s t e d  i n  Transducer Controls load c e l l .  
Ind ica tor .  












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABU loo,, IVC 1 
RESULTS OF DOUBLE S STRENGTH TESTS OF MAS 1271 
AND NAS 1275 EXTERNAL WRENCHING HEM, 681-4V TITANIUM 
ALLOY 1103.2 HN/m2 (160 KSI) BOLTS 
BOLT A1u2s NO, 
11 
I I  
1/2-20 
I t  





1/ Twelve Point External Wrenching Head Bolt fabricated frm 6A1-4V titanium allay, 
2/ Double shear t e s t s  performed on bolts  previourly subjectcddto tenri le  etrength 
3/ Minimum double ehear load requirement per Table I V ,  Spec, NAS621 noted a i  f ~ l f O w ~ 2  
accordance with NAS 1271 thru 1280 Standard. 
evaluation test 8 .  
1 /4-28 - 9,300 l b .  










































































































































































































































































































T A B U  NO, IVE 1 
0 
RESULTS OF ELONGATION MD REDUCTION OF ARIU TESTS 
OF NAS 1275 6A1-4V TITANIUM ALLOY BOLTS 
_I-- --- 




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE NO. I V  H 1 
BESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
NAS 1271 EXTEWAL WRENCHING HgAD TITANIUM ALLOY BOLTS 
TEST CONDITION: TORQUE PROM NUT 
Bolt Per t  NO.: NAS 1271-16 
Thread Size: 1/4-28 UNP-SA 
Bolt Mater ia l :  6&-4v T I T ~ U M  ALLOY 
Bolt  Finish:  BARE: 
Bolt  Spec i f ica t ion :  NAS 621 
DESIGN CWLElp LMD: 20 460 Newton# ( 4,600 Pounds) 
Nut Parr No.: ~ 2 3 - 4  
Nut Mater ia l :  AHS 6304 STEEJ, 
Nut F in ish :  
Washer Part  No.: MS 20002~4 L MS 20002-4 
Hole S i z e :  6.350 rn ( 0.250 i n . )  
DRY FILM LUBE OVER CADMIUM PLATE 
SPECMEN NO.T-TSO0 SPECIMEN N0.T-T301 SPECIMEN N0.T-T302 SPECMEN N0.T-T303 SPECIMEN NO. 










































40 I T  2 850 640 
80 IT 5 87’3 1,320 
120 I T  9 430 2,120 
160 I T  13 030 2,930 
200 I T  16 900 3,800 
CYCLE #3 
CYCLE #4 
40 IT  2 220 500 
80 I T  4 940 1,110 
120 I T  7 430 1,670 
160 IT 9 920 2,230 
200 I T  13 660 3,070 
CYCLE #5 
40 I T  2 220 500 
80 I1 4 760 1,070 
120 I T  7 470 1,680 
160 I T  10 010 2,250 





200 IT 11 210 I 21520 
CYCL6 #11 
 
120 I T  1,320 
leuton8 I (Pounds) 1 Newtons I (Pounds) I Newtons I (Pounds 
CYCLE #1 1 CYCLE # l  1 CYCLE #1 
I I I I 
15 520 3 490 16 190 3 640 15 570 1 31500 
20 190 1 4:540 1 20 460 1 4i600 I 19 660 4.420 
CYCLE #2 CYCLE 112 CYCLE I2 
6 140 1,380 6 720 1,510 6 000 1.350 
9 560 2,150 10 190 2,290 9 160 2,060 
12 900 2,900 13 520 3,040 12 370 2,780 
16 900 3,800 1 7  210 3.870 16 370 3,680 
3 200 
5 160 I 1,;;: I ii: I 1,;: 1 % 1 1,;:; 
7 920 1,780 8 720 1,960 8 580 1,930 
10 720 2,410 11 790 2.650 11 520 2,590 
14 190 3.190 15 030 3.380 1 5  300 3.440 
2 140 480 2 220 500 1 960 440 
4 450 1,000 4 760 1.070 4 230 950 
6 890 1,550 7 340 1,650 6 670 1.500 
9 430 2,130 9 790 2,200 8 940 2,010 
12 280 2,760 12 850 2,890 12 280 2,760 
CYCLE #6 11 CYCLE #6 11 CYCLE #6 
2 140 I 480 /I 2 220 1 500 1 1 960 I 440 
4 450 1,000 4 800 1.080 4 230 950 
6 890 1.550 7 470 1.680 6 580 1.480 
10 900 I 2;450 1 0  680 2;400 11 210 2;520 
CYCLE 115 CYCLE #I5 CYCLE #15 
3 420 3 780 850 3 560 
5 430 1,220 5 920 1.330 5 600 1,260 
7 430 1,670 7 960 1,790 7 560 1,700 
10 100 2.270 10 680 2,400 10 360 2 330 
Newtons I (Pounds)- 




CYCLE 1 5   
CYCLE 116 I 
CYCLE #10 
CYCLE # l l  -r CYCLE 115 
NOTES: 7‘IT‘ denotes i n a t a l l a t i o n  torque. 9 Bolt-nut assembly t e a t e d  in Transducer Controls load cell. Tensile clamp load determined from X-Y curve 
from Moseley Autograf Recorder. 
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TABLE NO. IV H 2 
BBSWl”l’ OF 15-CYCLE INSTALLATION TORQLIE-TENSION TESTS OF 
NAS 1271 -AL WRENCHING KEAD TITANIN ALLOY BOLTS 
TEsl CONDITION: TORqm Film m 
Bolt Part No. : &u 1271-16 
Thread S i l e :  1/4-28 W-3A 
Bolt Material: 6AL-4V TITANIIW ALLOY 
Bolt Finish: SARB 
Bolt Specification: NAS 621 
D S S U T  - LMD: 20 460 Newtons ( 4,600 Pounds) 
Aut  Part No.: H23-4 
Nut Material: llns 6304 STEEL 
Nut Finish: DRY F U  L m E  OVER CADMIM U T E  
Uaeher Part No.: HS 20002C4 h KS 20002-4 















1 1 40 IT I/ :;: I 640 1 3 020 1 680 80 IT 1,350 6 270 1,410 13.56 120 IT 9 160 2,060 9 650 2,170 18.08 160 IT 12 280 2,760 12 990 2.920 22.60 200 IT 15 570 3,500 16 900 3,800 
4.52 40 IT 2 180 490 2 580 580 
9.04 80 IT 4 670 1,050 5 470 1,230 
13.56 120 IT 7 250 1,630 8 500 1,910 
18.08 160 IT 9 790 2.200 11 430 2,570 
22.60 200 IT 12 680 2,850 15 030 3,380 
CYCLE t6 CYCLE Y6 
4.52 40 IT 2 050 460 2 310 520 
9.04 80 IT 4 400 990 4 980 1,120 
13.56 120 IT 6 720 1,510 7 650 1,720 
18.08 160 IT 9 120 2,050 10 410 2,340 
22.60 200 I T  11 740 2.640 13 M O  3.070 






40 IT 1 910 430 1 820 410 
920 4 090 920 
1;: E: 1 1,440 ‘ 6 490 1 1,460 
160 IT 8 670 1,950 8 760 1,970 
200 IT 11 210 2,520 11 740 2,640 
CYCLE #11 CYCLE 111 
I I 
CY- 1.15 - CYCLE C15 
4.52 40 IT 1 780 400 1 730 390 
9.04 80 IT 3 910 880 3 830 860 
13.56 120 IT 6 140 1,380 6 140 1,380 
18.08 160 I T  8 360 1,880 8 270 1,860 
22.60 200 10 900 2.450 11 210 2 520 













CYCLE #5 I 
2 220 500 
4 940 1,110 
7 610 1 1,710 
10 320 2,320 
13 920 3.130 
CYCLE 16 
5 830 1,310 
7 960 I 1,790 
11 210 2.520 -
I
CYCLE 1.11 
11 210 I 2;520 
CYCLE I15 
1,300 
Newtons I (Pounds) NevtDns t (Pounds) 
CYCLE Y 1  I CYCLE #l 
I Y I 
2 800 1 2,1:1 1 ;:: 1 620 1 
5 870 1,320 1.300 
8 980 8 810 1,980 
12 190 2,740 1‘1 920 2,680 
15 300 3,440 15 300 3,440 
8 630 1,630 
‘IT’ denotes inatal la t ion torque. 
Bolt-wt assembly teated in hanmducar Controls l w d  cel l .  
frm Moseley Autograf Recorder. 
Tensile c l q  t w d  deteauined trm I - Y  curve 
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TABLE NO. I V  H 3 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSICN TESTS OF 
NAS 1271 FXTERNAL WRENCHING HEAD TITANIUH ALLOY BOLTS 
TEST CONDITION: TOagW FRCn 
Bolt  Part  No.: NAS 1271-16 
Thread S i r e :  1/4-28 W - 3 A  
Bolt  Mater ia l :  6AL-4V TITANIUM ALLOY 
Bolt  F in ish :  BARB 
Bolt Spec i f ica t ion :  NAS 621 
DESIGU CLAllP L W :  20 460 Uewtons ( 4,600 Pounds) 
Nut Par t  No. : H23-4 
Nut Mater ia l :  ANS 6304 STEEL 
Nut F in ish :  DRY F I M  LUBER OVER CADMIUM PLATE 
Washer Par t  NO.: MS 20002C4 h MS 20002-4 





















































120 I T  
160 I T  
200 I T  
40 IT 
80 IT 
120 I T  
160 I T  
200 IT -
40 I T  
80 IT 
120 IT 
160 I T  
200 IT -
40 I T  
80 I T  
120 I T  
160 IT 























120 I T  
160 IT 
200 IT 
SPECMEN NO.T-T309 SPECMEN NO.T-T310 SPECIXEN NO.T-T311 SPECmN NO. SPECINEN NO. 
INDUCED C W  LOAD 
Newtons 1 (Pounds 
CYCLE # l  




2 400 540 
5 120 1,150 
7 830 1 1,760 
10 540 2.370 
13 920 I 3;130 
CYCLE #4 
CYCLE #5 
4 310 970 
6 720 1,510 
12 280 2,760 
9 120 1 2,050 
CYCLE #6 
 
8 720 1 :i9C& 
CYCLE $10 
11 740 
5 870 1,320 
7 960 I 1,790 






Newtons I (Pounds) I Newtons I (Pounds) 
CYCLE #1 n CYCLE #I 
I II I 
3 650 3 510 790 
l; ;'+, I i:iii I/ 7 290 I 1,640 11 16  2.510 
I 6 140 1 1,380 6 630 
10 190 9 430 2,120 
13 700 3,080 12 540 2,820 
1 7  480 3,930 16 680 3,750 
CYCLE 13 CYCLE #3 
2 670 600 2 580 580, 
5 690 1,280 5 430 1,220 
8 900 2,000 8 360 1,880 
12 050 2,710 11 250 2,530 
15 830 3,560 14 190 3,190 
CYCLE #4 CYCLE #4 
I 
2 270 I 510 11 2 220 I 500 
10 450 
CYCLE 15 CYCLE 1 5  
2 050 2 000 
4 450 l.WO 4 450 1.000 
6 940 1,560 7 120 1,600 
9 390 2,110 9 560 2,150 
CYCLE #6 CYCLE 16 
2 000 450 1 910 430 
4 450 1,000 4 230 950 
6 890 1,550 6 720 1,510 
9 300 2,090 9 030 2,030 
12 540 2,820 12 280 2,760 
CYCLE # l o  CYCLE # l o  
1 560 350 1 600 360 
3 650 820 3 740 840 
5 780 1,300 5 960 1,340 
7 870 1,770 8 050 1,810 
10 680 2,400 1 0  900 2,450 
c Y a B  $11 CYCLE #11 
I I 
7 650 I 1,720 // 7 920 I 1;780 
10 360 I 2;330 1 0  900 2,450 
CYCLE 115 CYCLE #15 
1 380 1 ;t: 1 1 560 1 ;;; 
3 340 3 650 
5 250 1,180 5 780 1,300 
7 120 1,600 7 920 1,780 
9 830 2,210 10 900 2,450 
Newton8 (Pounds 
CYCLE #I I CYCLE 82 





CYCLE 111 I CYCLE $15 
Newtons (Pounds1 
CYCLE #I I CYCLE X2 
CYCLE #3 I 
CYCLE #4 
i CYCLE #5 
I CYCLE 16 
CYCLE tll I CYCLE C15 
NUZES: 
-i?- 'IT' denotes i n s t a l l a t i o n  torque. 
9 Bolt-nut assembly t e s t e d  i n  Transducer Controls load c e l l .  
from Hoseley Autograf Recorder. 




TABLE NO. I V  H 4 
RESULTS OF 15-CYCLE INSTALLATION TORQUB-TENSIW TESTS OF 
NAS 1271 EXTERNAL WRENCHING HEAD TITANIUU ALLOY BOLTS 
TEST C'RlDITION: TORQUB FRM BOLT W D  
Bolt  Part  NO.: u s  1271-16 
Thread Size: 1/4-28 u ~ p - 3 ~  
Bolt F in ish :  
Bolt Spec i f ica t ion :  ms 621 
6AL-4V TITANIlM ALLOY 
DBSItX CWW LOAD: 20 460 Newton# ( 4,600 Pounds) 
Nut Par t  No.: ~ 2 3 - 4  
Nut U e t e r i a l :  6304 S T E ~  
Nut Finish: 
Washer Par t  No. : US 20002c4 h MS 20002-4 
Hole Size: 6.452 nm (0.254 in.) 


















































: in - lbf )  = 
40 I T  
80 IT 
160 I T  
190 I T  





160 I T  




160 I T  
190 I T  -
40 IT 
80 I T  
120 I T  
160 IT 
190 I T  -
40 IT 
80  IT 
120 IT 
160 IT 











40 I T  





80  I T  
120 IT 
160 IT 






































































SPECIMEN NOZ-T312 11 SPECIMEN N0.T-T313 SPECMEN NO.T-T314 SPECIMEN N0.T-T315 SPECIMEN NO.T-T316 
INDUCED CL4UP LOAD 
CYCLE # l  












































12 630 2;840 13 170 2i960 
16 950 I 3.810 I 1 7  610 I 3,960 
20 730 4,660 21 310 0,790 " I 
I 1 
CYCLE U2 I\ CYCLE 12 
CYCLE 113 CYCLE #3 
6 410 1,440 6 320 1,420 
9 830 2,210 9 700 2,180 
13 260 2,980 1 3  080 2,940 
16 370 3,680 16 100 3,620 
CYCLE 4 
2 450 
CYCLE 115 CYCLE #5 
4 180 4 850 1,090 
6 540 1,470 7 430 1,670 
8 720 1,960 10 140 2,280 































2,950 12 850 2,890 
1,990 10 010 2,250 
CYCLE # l o  
290 2 OW 450 
1.:: II : i% I 1.;;: 
1,040 6 320 1.420 
1,420 1 8 670 1 1,950 
1,840 11 480 2.580 
> 11 CYCLE #15 
II I 
Newtons 1 [Pounds) 1 Newtons 1 (Pounds1 
CYCLE #1 CYCLE (1 
1 n 1 
3 830 910 
800 z;: 1 1,;;: I % 1 1,660 
9 700 2,180 11 340 2,550 
13 170 2.960 15 430 3.470 
CYCLE #4 b CYCLE #4 
1 1 
600 iii 1 :::!! 1 ;;: I 1,240 
8 670 1,950 
11 430 2,570 11 610 2.610 
14 460 3.250 14 770 3,320 
1 650 350 
1,680 
CYCLE #11 CYCLE (11 
3 340 3 200 
5 2M) 1,170 5 030 1,130 
7 160 1,610 6 810 1,530 
9 300 2,090 9 010 2,025 
CYCLE X15 CYCLE 1115 
'IT' denote. i n s t a l l a t i o n  torque. 
Bolt-nut sssembly tea ted  in Transducer Controls load c e l l .  
frmr Uoseley Autograf Recorder. 
Tensile clsmp load determined frw X-Y curve 
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TABLE NO. IV H 5 
RESULTS OF 15-CYCLE INSTALLATION TORQLIB-TENSION TESTS OF 
NAS 1275 ExTBBNAL WRBNCAING RBAD TITANILM ALLOY BOLTS 
TEST CONDITION: TORQUE FRCH NUT 
Bolt Par t  No. : NAS 1275-24 
Thread S i r e :  1/2-20 W - 3 A  
Bolt Mater ia l :  6AL-4V TITAMLM ALLOY 
Bolt  F in ish :  BARE 






















































( i n - l b f )  




1850 I T  
360 IT 
720 IT 
1080 I T  
1500 I T  







720 I T  
1080 I T  
1500 IT 





1850 I T  
360 IT 
720 IT 










1080 I T  
1500 I T  




1500 I T  
1850 IT 
SPECIMEN N0.T-T317 SPECIMEN NO. T-3.31 
INDUCED 
Newtons 1 (Pounds] 
CYCLE #1 
CYCLE #2 
27 180 b i l l 0  
4 1  060 9,230 
57 470 12,920 
75 620 17,000 
CYCLE #,3 
CYCLE 64 
17 040 3,830 
26 870 
17 590 8,450 




































46 880 10;5iO 
64 500 14,500 
80 950 I 18,200 
CYCLE 12 
_I 
20 370 4,580 
31 270 7,030 
44 430 70 I 10.050 2'120 
62 540 I 14;060 
CYCLE 63 
8 580 I 1:::
18 410 4,140 
28 420 6,390 
41 100 
57 050 12,825 
CYCLE 1k4 
I 





47 550 I 10;690 
13 920 3,130 
22 020 4,950 
32 030 7,200 7-47 CYCLE 770 115 10,740 CYCLE #11 
 
DESIGN CLAMP LMD: go 180 Newton. ( 20,275 Pounds) 
Nut Part  No. : H20-8 
Nut Material: A?s 6304 STEEL 
Nut Finiah: DRY FILM LUBB OVER CAOMIUM PLATE 
Washer Par t  NO.: MS 20002C8 h MS 20002-8 
Hale Size: 12.700 m ( 0.500 in . )  
~~ ~ 
SPECIWEN NO. T-T319 SPECIMEN NO. T-T32O SPECIMEN NO. 
MI LOAD 
CYCLE #2  
CYCLE 63 
18 950 4,260 
30 510 
42 830 9,630 
58 710 13,200 
CYCLE (14 v





Severe a l l i n g  




CYCLE #11 I CYCLE #15 
I CYCLE C3 1 CYCLE 463 
CYCLE #10 CYCLE #10 
CYCLE #I1 CYCLE 111 
' ' IT'  denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  i n  Transducer Control. load c e l l .  
f r m  Ploseley Autograf Recorder. 
Tens i le  clamp lond determined from X-Y c u m  
H2O Series nuts  torqued with 17-point socket.  
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TABLE NO. I V  H 6 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 










39 900 8,970 
54 440 12,240 - 
CYCLE t 1 5  
7 120 1,600 360 IT 8 140 1,830 
720 IT 1 7  790 4,000 16 500 3,710 
1080 IT 28 420 6,390 26 330 5,920 
1500 IT 40 650 9,140 37 590 8,450 
1850 IT 53 820 12,100 51 420 11,560 
I 1500 IT 40 920 9,200 1850 IT 57 290 I 12,880 
. CYCLE C15 CYCLE #l5  
TEST CONDITION: T ~ Q U E  PRCM NUT 
Bolt Par t  No. : 
Thread Size: 1/2-20 m-3.4 
Bolt  Mater ia l :  6AL-48 TITANIM ALLOY 
Bolt  F in ish :  
Bolt  Spec i f ica t ion :  NM 621 
NAS 1275-24 
DESIGN C L M P  LMD: go 180 Newton. ( 20,275 Pounds) 
Nut Par t  No. : ~ 2 0 - 8  
Nut Meterial:  AMs 6304 STEEL 
Nut Finish: 
Washer Part  NO.: MS 20002C8 6 MS 2000208 
DRY FILM LUBE OVER CADMIM PLATE 
Hole Sire: 12.827 mn ( 0.505 i n . )  
Newtons I (Pounda) 1 Newtons I (Pounds] 
CYCLE 11 11 CYCLE 111 
1 70 950 69 480 j 15;620 j 15;950 
89 320 20,080 90 560 20,360 
CYCLE 12 CYCLE 12 
12 100 I 2.720 11 11 610 I 2.610 
65 050 1 14;625 1 66 050 1 14;850 
CYCLE 114 
I 1 8 320 8 810 1,980 1,870 
19 350 4,350 19 080 4,290 
30 510 6,860 30 340 6,820 
42 880 9.640 42 430 9,540 
59 047 13.275 61 050 13,725 
CYCLE #5 CYCLE 115 


























1.760 1 6 720 I 1.510 I 1 5  970 31830 1 3;590 
5,930 25 490 5.730 
8,450 37 010 8.320 
12,040 55 380 12,150 
CYCLE 111 
6 540 ::4;1 
1,740 I 
3,820 15 570 3.500 
5,930 25 13
8,440 36 830 8,280 
11,925 53 040 11,925 
CYCLE C15 
6 320 1,580 1 1 1,420 
3,510 1 5  080 3,390 
5,700 24 020 5,400 
7,580 33 940 7,630 




TABLE NO. I V  H 7 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
NAS 1215 EXTERNAL WReNCRING HEAD TITANIM ALLOY BOLTS 
TEST CONDITION: TOHQUE FRDM NUI 
Bolt Part NO. :  NAS 1215-24 
Thread Size:  1/2-20 W - 3 A  
Bolt Material:  6AL-4V T I T A M M  ALLOY 
Bolt Finish:  BARE 
Bolt Speci f icat ion:  NAS 621 
DBSIGN CLAMP LOAD: 90 180 Newtons ( 20,275 Pounds) 
Nut Part No. : H20-8 
Nut Hater ia l :  AMs 6304 STEEL 
Nut Finish:  DRY MILM LLIBE OVER CAfPlIlM PLATE 
Warher Part N O . :  MS 20002C8 6 MS 20002-8 

















































360 IT 10 120 2,410 10 100 2,270 10 940 2,460 
720 I T  22 910 5,150 21 170 4,760 22 420 5,040 
1080 IT 34 650 1,790 32 160 1,230 34 120 7,blC 
1500 I T  48 840 10,980 45 280 10,180 48 310 10.86C 
1850 IT 63 300 14,230 58 540 13,160 65 560 14,740 
CYCLE $4 CYCLE 114 
1 1 1 
11 CYCLE 











I 1 , 8 0 0 l  1.960 1 8 010 7 740 1 1,140 
4,140 18 150 4,080 17 660 3,970 
6,230 28 180 6.470 27 160 6,240 
11,925 56 040 12,600 55 440 12,465 
8,950 40 250 9,050 39 so0 8,880 
11 CYCLE 16 11 CYCLE ( 6  




' IT'  denote8 i n s t a l l a t i o n  torque. 
Bolt-nut assembly teated i n  Transducer Control8 l o l d  cell. 
frrmnoseley Autograf Recorder. 
Tenaile clamp l o a d  determined tram X-Y curve 
H20 Series nuts torqued with I?-point socket.  
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TABLE NO. I V  H 8 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OP 
NAS 1275 exTF3NAL WRMCHlHC E A D  T I T M U (  ALLOY BOLTS 
TEST C ~ I T I m :  TORQLIE FRM BOLT NEAD 
Bolt Part No.: NAS 1275-24 
T h r e a d  Sire: 1/2-20 w-3A 
BoIC U8teri.l: 6AL-4V TITANIUI ALLOY 
Bolt Finish:  BABE 
Bolt Specification: NAS 621 
DESIGN CLAW LOAD: 90 180 Newton- ( 20,275 Pounds) 
Nut Part No.: H2O-8 
Nut Material: ilMS 6304 STEEL 
Nut Finish: DRY FILM LUBE OVER CADMIUH PLATE 
Washer Part NO.: US 20002C8 8 MS 20002-8 

















































360 I T  
720 I T  1 :: i;: 1 ::::: // :: ;:: 1 /I !3: z:: 1 
1080 I T  50 080 11,260 47 550 10,690 51 240 11,520 
1500 I T  69 700 15,670 66 140 14,870 71 300 16,030 
1900 IT 89 580 20.140 88 830 19 970 93 320 20.980 
360 I T  9 920 2,230 9 470 2,130 9 560 2,150 
720 I T  21 660 4,870 20 150 4,530 20 460 4,600 
1080 IT 33 580 1,550 31 490 7,080 31 850 7,160 
1500 I T  47 730 10,730 44 350 9,970 45 330 10,190 
1900 I T  64 500 14,500 63 050 14,175 64 050 14,400 
CYCLE 16 CYCLE P6 CYCLE #6 
360 IT 9 740 2,190 9 470 2.130 9 250 2,080 
720 IT 20 280 4,560 20 060 4,510 19 700 4,430 
1080 I T  32 200 7,240 31 360 7,050 31 270 7,030 
1500 I T  45 640 10,260 44 300 9,960 44 700 10,050 
1900 I T  63 610 14,300 65 830 14,800 63 560 14.290 
CYCLE Y10 CYCLE 110 CYCLE #10 
I I I 
1900 I T  11 59 560 1 13;390 11 64 100 I 14;410 11 60 800 I 13;670 
1 C Y U E  #11 11 C Y a E  H 1  11 CYCLE 111 
360 I T  8 180 1,840 8 410 1,890 8 010 1,800 
720 I T  18 900 4,250 18 990 4,270 18 550 4,170 
1080 I T  29 980 6,740 29 710 6,680 29 670 6,670 
1500 I T  42 610 9,580 42 790 9,620 42 120 9,470 
1900 I T  59 690 13,420 61 160 13,750 60 490 13,600 
CYCLE #15 CYCLE 115 CYCLE 115 
I I I I 
360 I T  8 100 1 1,820 8 410 1,890 7 920 1,780 
720 IT 18 730 4,210 18 990 4,270 17 880 4,020 
lb80 I T  29 940 6,730 29 580 6,650 21 980 6,290 
1500 I T  42 390 9,530 42 700 9,600 41 280 9.280 
1900 I T  59 290 13,330 60 360 13,570 58 360 13,120 
Newtons I(Pounds) R Newtons 1 (Pounds) 
CYCLE C1 I CYCLE #I 
1 n 1 
16 100 3,620 
33 980 7,640 
49 730 11,180 
68 720 15.450 
90 960 20,450 
CYCLE 12 CYCLE #2 
10 630 











CYCLE 115 n CYCLE 115 
1 1 1 1:; 1 1:580 I 1 
16 590 3,730 
26 070 5,860 
38 160 8,580 
12 350 
'IT' denores installation torque. 
Bolt-nut assembly tested in Transducer Controls load call. 
frrm noseley Aucograf Recorder. 
Tensile cleme load'detemined from X-Y curve 
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TABLE NO. I V  J 1 
RESULTS OF 15-CYCLB INSIALLATION TORQUE-TENSION TESTS OP 
NAS 1271 KXTERNAL WCCLUNC HBAD TITANIIM ALLOY BOLTS UITH NEW 
NVT Sb3STITWKD AT 6TTB CYCLE 
TEST CONDITION: TORQUB FRM NVT 
Bol t  P a r t  No.: 1271-16 
Thread S i r e :  1/4-28 uNJp-3A 
Bol t  Haterial: 6A1-4v T J - J ~ M  u o y  
Bol t  F i n i s h :  BARB 
Bol t  S p e c i f i c a t i o n .  NAS 621 
DESIGN CLAMP LORD: 20 460 Newton. ( 4,600 Pounds) 
Nut P a r t  NO.: H23-4 
Nut H a t e r i a l :  AMs 6304 STEEL 
Nut F i n i s h :  DRY FILH LUBE OVBR CADUIUM PLATE 
Washer P a r t  No.: MS 20002C4 &US 20002-4 













40 I T  
80 IT  
120 IT 
160 IT  
200 IT  
40 IT 
80 IT  
120 I T  
160 I T  
200 IT  -
40 IT  
80 I T  
120 I T  
160 IT  
200 IT -
12 570 I 2,825 13 660 I 3,070 13 920 I 3,130 12 5701 2,825 13 340 I 3,000 
CYUE 115 CYCLE 115 CYCLE 115 CYCLE 115 CYCLE 115 
1 690 380 1 870 420 1 780 4CQ 1 910 430 1 600 360 
4 050 910 4 230 950 4 180 940 4 130 970 3 960 890 
6 360 1,430 6 670 1.500 6 490 1,460 6 890 1,550 6 320 1,420 
8 720 1,960 9 160 2,050 9 030 2,030 9 210 2,070 8 670 1,950 
12 010 2,700 12 560 2,825 12 280 2,760 12 830 2,885 ~ 12 010 2,700 
Y @ I T '  denotes  i n s t a l l a t i o n  torque .  
21 Bolt-nut assembly t a s t e d  i n  Transducer Cont ro ls  load cell. 
I n d i c a t o r .  
T e n s i l e  clamp load  determined from RBI S t r a i n  
3 57 
TABLE NO. IV J 2 
BBSUIXS W 15-CycLB INSZALLATION TORQUE-TENSION TESTS OF 
NAS 1271 BXTWNM. WRENCHING HEAD TITAWIUn ALLOY BOLTS WITH NEW 
NUT SUBSTITLVLU AT llTH CYCLB 
TEST CONDITION: TORQUE PBCN NLT 
Bolt Part No.: NAS 1271-16 
Thread Size: 114-28 LINJF-~A 
Bolt Mater ia l :  6A14V T I T m m  ALLOY 
Bolt F in ish :  BAltE 
B O ~ L  Spec i f ica t ion :  NAS 621 
DESIGN CLAMP LMD: 20 460 Newton. ( 4,600 Pounds) 
Nut Part  No.: H23-4 
Nut Mater ia l :  AHS 6304 STEEL 
Nut Finish: 
Washer Part  No. : 
Hole S i z e :  6.452 m ( 0.254 i n . )  
DRY FILM LUBE OVER CAIMIIIM PLATE 




























: i n - l b f )  
40 IT 
80 IT 
120 I T  
160 IT 







































160 I T  
200 I T  
INDUCED 
4 310 
22 680 I 5;lOO (1 21 570 I 4;850 
I I 
CYCLE #2 11 CYCLE #2 
SPECIMEN NO. T-T338 SPECIMEN NO. T-T339 SPECIHEN NO. T-T340 SPECMEN NO. T-T341 SPECIMEN NO. ~ - ~ 3 4 :  
AMP LOAD 
9 790 I 2;200 10 410 2:340 
13 430 3,020 1 4  060 3,160 
17 210 3.870 18 570 4,175 



















CYCLE #6 CYCLE #6 
1 9 6 0  440 2 000 450 
4 490 1,010 4 710 1,060 
7 120 1,600 7 430 1,670 
9 700 2,180 1 0  360 2,330 
13 340 3,000 14 190 3,190 
CYCLE #10 CYCLE #10 
1 560 350 1 600 360 
3 740 840 4 050 910 
6 000 1,350 6 580 1,480 
8 320 1,870 9 070 2,040 
11 740 2,640 12 570 2,825 
CYCLE #11 CYCLE # l l  
5 250 1,180 3 650 820 
10 270 2,310 7 780 1,750 
15 170 3,410 12 010 2,700 
20 370 4,580 16 190 3,640 
25 660 5,770 20 460 4,600 
I I 
CYCLE 115 CYCLE #15 
2 400 I 540 I 2 450 1 l,t;; 5 160 1,160 5 380 1,210 8 140 1,830 8 1  11 210 2,520 11 390 2,560 1 4  750 3,315 1 5  570 3,500 
CYCLE I 2  1 CYCLE #2 CYCLE #2 
I 
2 710 I 610 1 1 870 I 420 # 2 450 I 550 
5 690 1,280 4 980 1.120 5 470 1,230 
8 900 2,000 8 010 1,800 8 540 1,920 
12 050 2.710 11 080 2.490 11 650 2.620 
1 5  830 I 3;560 [ 14 750 I 3;315 [ 1 5  300 I 31440 
CYCLE 114 1 CYCLE #4 
Y 
2 360 530 1 910 430 2 050 460 
5 120 1,150 4 940 1,110 4 800 1,080 
7 960 1,790 7 920 1,780 7 650 1,720 
10 760 2,420 11 120 2,500 10 500 2,360 
14 190 3,190 14 750 3,315 14 460 3,253 
1 I I 
CYCLE 115 CYCLE N5 CYCLE #S 
2 220 500 1 650 370 400 
5 120 1,150 4 580 1,030 i:: 1,030 
7 960 1,790 7 380 1,660 7 520 1,690 
10 990 2,470 10 360 2,330 10 320 2,320 


























15 030 - 
11 CYCLE #6 I CYCLE #6 
470 I : 1:; I 360 1 1 780 1 400 
1.090 4 450 1,000 4 540 1,020 
1,710 1,640 7 610 1,710 
2,340 10 190 2,290 10 230 2,300 
3,070 13 920 3,130 14 190 3,190 
CYCLE #10 CYCLE # l o  
3 870 3 780 
1,490 6 450 1,450 6 320 1,420 
2,050 9 030 2,030 8 810 1,980 
2,760 12 830 2,885 12 010 2,700 
CYCLE #11 CYCLE 111 
880 11 3 650 I 820 11 3 830 I 860 
5 CYCLE 215 H CYCLE #15 
I1 I n 
410 1 400 I 1 8201 1 870 1 420 
1,080 5 120 1.150 4 760 1,070 
1,790 8 360 1,880 7 700 1,730 
2,510 11 650 2,620 10 640 2,400 
3,380 15 570 3,500 13 920 3,130 
'IT' denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  in Transducer Controla load c e l l .  
Ind ica tor .  
Tensile clamp load determined from RBI S t r a i n  
3 58 
TABLE NO. IV J 3 
RESULTS W 15-CYCLE INSTALLATION TaQUE-TENSION TESTS OP 
NAS 1275 EXCERNAI. WENCHING BEAD TITANIUM ALLOY BOLTS WITH NEW 
NUT SUBSTITmBD AT 6TH CYCLE 
TEST CONDITION: TORgUB PRM m 
Bolt Part No. : NAS 1275-24 
Thread Size: 1/2-20 UNP-3~ 
Bolt Material: 6~1-4v TITANIUM ALLOY 
Bolt Finish: BARE 



















































360 I T  
720 I T  
1200 IT 
1560 I T  
1850 I T  
360 I T  
720 IT 












1850 I T  
360 IT 
720 IT 




720 I T  
1200 IT 






,850 I T  -
360 I T  
720 IT 
.zoo I T  
.560 IT 
,850 IT 
DESIGN C L M P  LOAD: go 180 Nwtona ( 20,275 Pounds) 
Nut Part No. : 1120-8 
Nut Material: AEIS 6304 STEEL 
Nut Finish: DRY FILM LUBE OVER CADUILDI PLATE 
Washer Part No.: 
Hole size: 12.827 mn ( 0.505 i n . )  








































SPECLMEN N0.T-T343 SPECIMEN NO. T-T34 SPECIMEN N0.T-T345 SPECIMEN N0.T-T346 SPECIMEN N0.T-T347 
INDUCED CLAMP LOAD 
























25 690 ~ . . - -  
42 790 9,620 1 12,600 56 040 
66 810 15,020 
 
CYCLE #lo 
10 270 2,310 
21 660 4,870 
36 920 8,300 
47 860 10.760 




17 840 4,010 15 520 3,490 15 170 3,410 14 590 3,280 
34 830 7,830 32 340 7,270 31 140 7,000 30 650 6,890 
57 470 12,920 55 070 12,380 52 580 11,820 52 130 11,720 
74 590 16.770 72 810 16,370 69 210 15,560 68 230 15,340 
89 320 20,080 89 670 20,160 84 780 19,060 84 250 18,940 
CYCLE #2 CYCLE #2 CYCLE #2 CYCLE #2 
I I 
12 590 2,830 10 680 2,400 9 700 2,180 10 270 2,310 
25 620 5.760 22 770 5,120 20 550 4,620 21 660 4,870 
44 260 9,950 39 230 8,820 34 560 7,770 37 010 8,320 
56 930 12,800 52 000 11,690 46 170 10,380 48 440 10,890 
71 260 16,020 63 960 14,380 57 820 13,000 61 160 13,750 
CYCLE 13 CYCLE 113 CYCLE #3 CYCLE (13 
I I 1 
9 960 2,240 8 670 1,950 
20 680 4,650 18 640 4,190 
36 610 8,230 33 400 7,510 
48 350 10,870 43 860 9,860 
60 980 13,710 55 490 12,475 
I I 
CYCLE 114 CYCLE #4 1 7 290 1 ;::61 8 140 I 1,830 18 150 4,080 17 210 3,870 31 670 7.120 30 47
42 210 9,490 40 830 9,180 
54 040 12,150 52 890 11,890 
CYCLE #5 CYCLE U5 
1,630 6 450 1,450 
3.830 15 970 3,590 
7 160 1,610 6 760 1,520 
16 640 3,740 16 060 3,610 
29 130 6.550 28 650 6,440 30 250 6,800 28 600 6,430 
39 280 8,830 38 070 8.560 39 680 8,920 38 250 8,600 
50 890 11,440 50 710 11,400 52 130 11,720 ~ 50 220 11.290 I I 
" 
CYCLE 16 11 CYCLE #6 CYCLE R6 ! CYCLE 16 
9 300 1 2,090 1 7 610 1 1,710 20 730 4,660 17 700 3,980 35 760 8,040 30 470 6,850 07 460 10,670 40 790 9,170 60 O M  13.5M) 53 820 12.100 
T I S T '  denotes installation torque. 
9 Bolt-nut asaembly tested in Transducer Controls lad cell. 
Indicator. 
Tenaile clamp laad determined from RBI Strain 
CYCLE C15 CYCLE C15 CYCLE #15 CYCLE 115 
8 230 1,850 7 430 1,670 6 490 1,460 6 180 1.390 
18 770 4,220 17 610 3,960 16 550 3,720 16 550 3,720 
32 740 7,360 30 470 6,850 30 290 6,810 30 380 6,830 
U 350 9,970 40 740 9,160 40 430 9,090 40 790 9.170 
58 000 13,040 54 400 12,230 53 330 11,990. 53 820 12,10(1 
359 
TABLE NO. I V  J 4 
BeSULTS OF 15-CXCX.E IWSTALLATION TORQm-TENSIOli TESTS OP 
NAS 1275 EXTW ~ENCUINC HEAD TITANIM ALLOY BOLTS mn NEW 
NUT SUBSTITCTED AT 1lTE CYCLE 
TEST CONDITION: ~ o a g u ~  p m  
Bolt Par t  No.: us 1275-24 
Thread Size: 1/2-20 w - 3 A  
Bolt N a t e r i a l :  6 ~ 1 - 4 v  TITAMUn U O Y  
Bolt Finish: BARE 
Bolt Spec i f ica t ion .  NAS 621 
DESIQN CLAW LMD: go 180 Newtons ( 20,275 Pounds) 
Nut Par t  No. : mo-8 
Nut Nater ia l :  A I S  6304 STEBL 
Nut F in ish :  DRY FILM LUBE OVBR CADMIUM PLATE 
Washer Part  NO.: MS 20002C 6 MS 20002 
Hole Size: 12.827 mm ( 0.505 in.) 
11.330 
209.021 1850 I T  11 61 560 I 13;840 
CYCLE #3 
I 
40 67 360 I T  8 980 2,020 
81:351 720 IT 11 19 570 I 4,400 
135.58 1200 IT 33 720 7.580 
40 .61  81.35 360 72 IT I 30 1;IE 560 j15;;:;:
135.58 1200 I T  50 750 11,410 
176.26 1560 IT 67 700 15,220 
209.02 1850 IT 82 290 18,500 
INDUCED CLAMP LOAD 
Newtons I (Patnda) Newtons 1 (Pounds 
CYCLE #1 0 CYCLE #1 
1 I 
17 880 
34 070 I ;:% 1 :: :;: 1 :$$ 
56 400 12,680 52 710 11,850 
73 210 16.460 70 230 15 790 
89 050 1 20;020 1 87 180 I 19.600 
CYCLE #Z 11 CYCLE #2 
11 390 2,560 10 990 2,470 
23 620 5,310 23 620 5,310 
39 680 8,920 40 170 9,030 
52 260 11.750 53 380 12,000 
64 500 14,500 66 540 14,690 
CYCLE #3 CYCLE (13 
9 740 2,190 9 160 2,160 
21 220 4,770 20 820 4,680 
36 610 8.230 36 430 8,190 
48 530 10,910 48 840 10,980 
61 740 13,880 62 270 14,000 
CYCLE U4 CYCLE 114 
8 980 2,020 8 230 1,850 
20 060 4,510 19 220 4,320 
34 920 7,850 35 410 7,960 
46 700 10,500 47 020 10,570 
59 600 13,400 60 940 13,700 
CYCLE #5 CYCLE #5 
8 410 1,890 7 210 1,620 
19 390 4,360 17 530 3,940 
33 630 7,560 31 980 7,190 
45 410 10.210 43  680 9,820 
58 270 13,100 56 670 12,740 
CYCLE #6 CYCLE 1 6  1 7 210 :::6: 8 320 1,870 19 350 4,350 17 440 3,920 33 580 7,550 31 80  
45 500 10,230 43  590 9,800 
58 890 13,240 57 050 12,825 
CYCLE #lo CYCLE # l o  
jj 43 410 43 590 9;SOO 9;760 
56 710 12,750 56 800 12,770 
CYCLE $11 CYCLE # l l  2 3,420 1 1 3  880 :;:: 
7,080 29 050 
59 600 12,050 49 150 11,050 
15,940 64 990 14,610 
85 620 19,250 79 800 17,940 
CYCLE A 5  CYCLE #15 1 7 960 7 700 I 1,730 1 1:790 
18 590 4,180 19 040 4,280 
33 140 7.450 33  490 7,530 
44 300 9,960 44 570 10,020 
58 800 13,220 57 110 12 840 
I 1:620 7 210 8 450 1 1:900 
17 120 3,850 18 860 4,240 
30 510 6,860 33 050 7,430 
40 650 9,140 44 210 9,940 
53 330 11 990 57 740 12 980 
1 1,470 I 6 540 
7 340 I ii:6: 16 320 3,670 18 330 4,120 29 360 6,600 32 92  
39 190 8,810 44 120 9,920 
51 950 11,680 57 470 12 920 
CYCLE 110 CYCLE 
1 n 
CYCLE # l l  
CYCLE #15 i CYCLE 
1 11 
1 1:O 1 8 850 8 630 19 930 4,480 19 N O  35 360 7,950 33 180 46 790 10,520 43 720 59 870 13 460 55 600 
T t I T v  denotes i n s t a l l a t i o n  torque. 
- 21 Bolt-nut assembly t e s t e d  in Transducer Controls load  c e l l .  
Ind ica tor .  




















TABLE NO. IV K 1 
RBSULTS OP 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
u 1271 EXTERNAL WR&NCMHG HBM) T T T A N X ~  ALLOY mom DNDER 
3' BENDING CONDITION 
TEST COXDITION: TORQUE PROM NLV DESIm CLAW LOAD: 20 460 NoYtOnk ( 4,600 Pmnds) 
Bolt Part  No. : NAS 1271-16 Nut Par t  No.: 823-4 
Thread Size: 1/4-28 u~p-u Nut Material:  AMS 6304 STEEL 
molt Mater ia l :  MI-4"  TIT^^ w o y  Nut F in ish :  DRY FILM LUBE OVER CADMIM PLATE 
Bolt F i n i s h :  BARE Washer Par t  No.: 3' WBDEim WASHER UNDER NLV 
Bolt SpeclLlcatmn. us 621 ~ 0 1 e  Size: 6.452 m ( 0.254 in.) 
4.52 40 IT 
9.04 80  11: 
13.56 120 IT 
18.08 160 IT 
22.60 200 IT 
4.52 40 I T  
9.04 80 I T  
13.56 120 IT 
18.08 160 I T  i I 22.60 200 I T  
i 4.52 I 40 IT 
22.60 200 I T  ti---- 1 4.52 I 40 I T  9.04 8 I T  
13.56 120 IT 
18.08 160 IT 
22.60 200 
SPECIMEN NO. SPECIMEN N0.T-T353 SPECIMEN NO.T-T354 SPECMEN N0.T-T355 SPECIMEN NO. 
INDUCED CL4MP LOAD 
'IT'  denote. i l u t a l l a t i o n  torque. 
from noseleg Autograf Recorder. 
Bolt-nut a~semblg t e s t e d  i n  Transducer Controls load  c e l l .  Teneile clamp load determined from X-Y curve 
3 k l  
TABLE NO. IV K 2 
RESULTS OF 15-CYCLE INSTALLATION TORQUB-TENSION TESTS OF 
KAS 1271 BXTEUNAL WRENCHING HBhD TITANIUH ALLOY BOLTS UNDER 
3- BENDING CONDITION 
TEST CONDITION: 
Bolt Part  No.: BAS 1271-16 
Thread S i z e :  1/4-28 m-u 
Bolt Mater ia l :  6A1-4V TITANIUH ~ L O Y  
TCsQUB FROM BOLT HBAD 
Bolt Finish :  
Bolt  Specification: ms 621 
OUIGN CLAMP LMD: 20 460 Kevtoo. ( 4.600 Pounds) 
Nut Par t  No. : H23-4 
Nut Mater ia l ;  AMs 6304 STEKL 
Nut F i n i s h :  
Washer Pert No. : 3' HARDENED WASHER UNDSR BOLT HBAD 
Hole Size: 6.452 m ( 0.254 in.) 
DRY FILM LUBE OVER CAIMIUM PLATE 
E SPECIMEN NO. SPECIMEN NOf-T356 SPECMEN NO. T-T357 SPECmEN NO. T-2358 SPECIMEN NO. 
















































80 I T  
120 I T  
160 IT 
190 I T  
CYCLE #5 
190 I T  1,730 
CYCLE #6 
40 IT 1 820 410 
1:: E I 2 2 I 1% 
I T  1 8 760 160 1;970 
190 IT 10 140 2,280 
CYCLE 110 
40 ZT 
80 IT 11 f ii: I % 




160 IT 1.400 
190 I" 11 8 450 I 11900 
Newtons I (Pounds) !, Newtons I (Pounds) I Newtma I (Pounds) 
CYCLE #1 1 CYCLE #1 I CYCLE #I  
CYCLE 12 u CYCLE #2 I CYCLE C2 
1 1 1 
12 010 
3 200 720 





CYCLE i 3  II CYCl 
CYCLE #lo  CYCLE # lo  , CYCLE #10 
CYCLE #15 n CYCLE #15 1 CYCLE 115 
1 160 260 1 070 240 
2 620 590 2 620 590 
4 000 900 4 270 960 
5 870 1,320 5 870 1.320 
S 180 1,840 7 650 1,720 I 
CYCLE #2 
7- 
CYCLE # l  
CYCLE #4 
1 CYCLE #5 
CYCLE 16 
CYCLE 110 
_i CYCLE #11 
 CYCLE #15 
'IT' denote. i n s t a l l a t i o n  torque. 
frm Moaeley Autograf Recorder.  
Bolt-nut amembly t e s t e d  in Tramducer Control. load c e l l .  Tens i le  clamp load determined from X-Y curve 
TABLE NO. I V  K 3 
RBSULTS OF I~-CYCLB INSTALLATION 'rmqm-rspism TESTS OF 
NAS 1275 EXTERNAL WRENCEIM3 HBAD TITANIUM ALLOY BOLTS UNDER 
3O BENDING CONDITION 
TEST COP(DIT1ON: TORQUE FRM N W  
Bolt P e r t  NO.: us 1275-24 
T h r e a d  Size: 1/2-20 W - 3 A  
Bolt Material:  ~ 1 - 4 ~  TITANIUM ALLOY 
Bolt Finish:  BARB 
Bolt Speci f icat ton.  us 621 
DESIGN CLAW LWD: 90 180 Newton. ( 20,275 P o u n d s )  
Nut P a r t  No.: H20-8 
Nut Material: Am 6304 STEEL 
Nut Finish:  
Washer Part NO. : 3' WASHER UNDER Nm 
Hole Size: 12.827 m ( 0.505 i n . )  
DRY FILM LUBE O y H l  CADMIUM PLATE 
IE i/ 
(in-lbf) -
360 I T  
720 I T  
1080 I T  
1500 I T  
I T  
I T  
I T  
I T  
I T  
I T  
I T  
I T  
I T  
I T  
I T  
I T  
I T  
I T  
I T  
I T  
I1 
I T  
I T  
I T  
I T  
I T  
I T  
I T  
I T  
I T  
I T  
I T  
I T  
I T  
I T  
I T  
I T  
I T  
I T  
I T  
I T  
I T  
I T  
I T  
I T  
NmES: 
3 
'IT' denote8 i n s t a l l a t i o n  torque. 
Bolt-nut assembly tes ted  i n  Transducer Controls losd c e l l .  
1ndic . tor .  




TABLE NO. I V  K 4 
BBSULTS OF 15-CYCLE INSTALLATION TORQLIE-TENSION TESTS OP 
U S  1275 EX"- WRENCHING HEAD TITANIUM ALLOY BOLTS UNDER 
3' BENDING CONDITION 
TEST CONDITION: 
Bolt Part  No.: US 1275-24 
Thread Size: 1/2-20 m-u 
Bolt Mater ia l :  6A1-4V TITANIM mLOY 
Bolt  Finish: BABE 
Bolt Spec i f ica t ion :  U S  621 
TORQUE FRCM BOLT llBllD 
40.67 36011 1 81.351 72011 
122.02 108011 
SPECMEN NO. T-T363 
Newtons I (Pounds) 
SPECIMEN NO. T-T% 
Newtons I (Pounds 
' INDUCED 
CYCLE C1 n CYCLE c1 
I, 
13 790 1 3,100 I 13 080 1 2,940 
27 930 6,280 $8 170 10,830 
59 470 13.370 55 330 12.440 
72 240 16;240 60  450 13;590 
98 030 22,040 86 380 19,420 
CYCLE C2 CYCLE #2 
25 620 5,760 33 320 7,490 
44 440 3.990 39 630 8,910 
62 450 14.040 60 270 13.550 
88 600 19,920 76 370 17,170 
CYCLE #3 CYCLE C3 
LllG 1 2,210 I 21 390 1 4.810 
19 880 4.470 22 550 5,070 
26 203 5.890 33 800 7,600 
40 790 3,170 
5TH CPCL GALLING 
NCLE #6 
-tl- 
0 CYCLE #lo 
1 CYCLE #ll 
5 CYCLE 115 
DESIGN MELP LOAD: 90 180 Newton8 ( 20,275 Pounds) 
Nut Par t  No. : HZO-8 
Nut Mater ia l :  AHS 6304 STEEL 
Nut F i n i s h :  DRY FILM LUBE OVER cADnIuM PLATE 
Washer Part  NO. : 3- HARDENED WAS= UNDER BOLT HBAD 
Hole Sire: 12.827 m ( 0.505 in.) 
SPECIMEN NO. T-T365 
M p  LDAD 
SPECIMEN NO. T-T366 






N C L E  #6 
Newtons 1 (Pounds' 
CYCLE #I I 
CYCLE 12 v 
10 410 2,340 
26 600 5,980 
.45 460 10.220 
65 160 14,650 
82 690 18.590 
CYCLE #3 
CYCLE #4 
9 740 2.190 
22 330 5;020 
32 470 7,300 
44 700 10,050 
66 280 14,900 
N I X E  1 5  
CYCLE 16 
SPECIMEN NO. I 





'IT' denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  in Transducer Controls load c e l l .  
Ind ica tor .  
Tens i le  clamp load determined frmp RBI S t r a i n  
CYCLE #lO I CYCLE #11 
I CYCLE #15 
CYCLE #6 
l-j 
I 364  
CYCLE 110 I
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: 9pec- ' f a e n  





R 4 1 8  1 R-S19 
R-S20 
























I 1  
I t  
NAS1106-37 
I 1  
I 1  
I t  
I 1  I 1  
NAS 11 08- 50W 
I 1  
11 
I t  
11 
1 1/4-28 6.325 ' 9 . 2 3 9 Q  47 339 
1 I t  6.327 :0.2491 46 700 











0.2490 47 060 
0.2491 46 880 
0.2484 50 890 
0.2487 50 970 
0.2487 50,000 
0.2487' 50 260 
0.2484 50 440 
i 3/8-24 9.469 0.3728, 99 640 
9.497 0.3739 101 410 
I' 9.487 ' 0.3735 100 970 
9.492 "3.3737 101 860 











0.3738 101 860 
0.3738 102 300 
0.3739 101 860 
0.3740 102 300 
0.3740 101 410 
0.4992 193 930 
0.4993 188 600 
0.4993 188 150 
0.4993, 191 710 






















43 , 600 
42,400 
42,300 
43 , 100 
42,300 
NN;fn'!>d ! 
17"Sh-ort thread, close tolerance, hex head bolt  fabrfcated from a 
w i t h  cadmium plate finish per QQ-P-416 i n  accordance with NAS 
II. 21 Double shear t e s t e  performed on b o l t e  previously subjected t o  
r e s t s .  
31 Minimum double shear  load requirement per Spec. NAS498 noted a 
1/4-28 - 9,300 l b .  
3/8-2s. - 21,000 l b .  































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLA NO, VE 1 
RESULTS OF ELONGATION AND REDUCTION OF AREA TESTS 
OF REDUCED GAGE SECTION NAS 1104 SERIES ALLOY STEEL BOLTS 
BOLT PART w, 
NAS 1106-37 
t l  
I1 
I 1  
I I  
NAS 1<08-50W 
11 
- I T  - -  
I t  
I I  
l l  
3 /8 -24  
I I  
11 I t
I t  








13 .2  
12.1 
14 .3  



















50 .4  
50.1 
51.4 
NQTES * - 11 T e a t  specimen incorporating reduced gage sec t ion  machined i n  
b o l t  shank area froan NAS 1166 Series short thread hex head 
bolt  fabricated from AIS1  8740 s tee l .  
noted i n  Table VD. 






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE NO. V J 1 
RESULTS OF 15-CYCLE INSTALUTION TORQUE-TENSION TESTS OF 
NAS 1104 SERIES SHOBT TNREAD BBX HEM) U O Y  STEEL BOLTS 
SPECIMEN NO. R-T201 
DESIGN CLAW LOAD: 16 100 Newtons ( 3,620 Pounds) TEST CONDITION: TORQUE PRON rn 
Bolt Part  No.: us 1104-12 Nut Part NO. : RW52LN3324-048 
Thread Size: 114-28 w-u Nut Meterisl :  STEEL, HBAT TREATED 
Bolt Materinl:  8740 Nvt FlaLah: DRY PIId( LUBE OVW CADPUW PLATE 
Bolt F i n i s h : W w m  PLATE, Q9-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion .  NAS 1103 m u  NA.S 1120  STAND^ Hole Sire: 6.452 tm ( 0.254 i n . )  
Washer Part  NO.: ~ ~ 9 6 0 - 4 1 6  






































































50 I T  
75 IT 
110 IT 
3 020 1 680 1 2 980 1 670 1 3 200 1 720 1 2 620 1 590 1 3 200 1 720 
6 320 1,420 6 670 1,500 6 180 1,390 6 230 1,400 6 360 1,430 
10 190 2,290 10 500 2.360 10 540 2,370 10 680 2,400 1 0  590 2,380 
16 190 3,640 16 680 3,750 16 060 3,610 16 590 3,730 16 900 3,800 
2 310 520 I 2 360 530 I 2 220 1 500 I 2 050 1 460 I 2 180 1 490 
5 780 1,300 5 690 1,280 5 600 1,260 5 650 1,270 5 920 1,330 
9 300 2,090 9 340 2,100 9 160 2,060 9 520 2,140 9 520 2,140 
14 680 3,340 14 630 3,290 14 630 3,290 15 030 3,380 15 120 3,400 
2 140 
5 160 I 1,: /I 1 1,: 1 : 1 1,;;: I : 2: 1 1, 
8 410 1,890 8 360 1,880 8 670 1,950 9 030 2, 
13 430 3,020 13 610 3,060 13 970 3,140 14 590 3, 
I I II I II I I I 
CYCLE #6 11 CYCLE #6 11 CYCLE #6 I CYCLE 16 CYCLE 
2 090 I 470 1 2 180 1 490 I 2 050 1 460 1 2 270 I 510 I 2 140 
5 160 1,160 4 940 1.110 4 850 1,090 5 160 1,160 5 030 
8 230 1.850 8 320 1.870 7 830 1.760 8 180 1.840 8 010 
13 170 2;960 13 610 ' 3;060 12 680 I 2;850 13 300 1 2;990 13 390 
I 
CYCLB n o  11 CYCLE 110 CYCLE 
6 630 
1,440 6 180 





















'IT' denotes i n s t a l l a t i o n  torque. 
Bolt-nut a ~ s e m b l y  tea ted  in Transducer Controls load c e l l .  
f r m  Woseley Autograf Recorder. 
TenBile c l m p  load determined from X-Y CUNe 
38 2 
TABLE NO. V J 2 
RESULTS OF 15-CYCLE INSfALJ&ION TORQm-TENSION TESTS OF 
NAS 1104 SERIES SlloRT TKREAD BEX HEAD ALLOY STBBL BOLTS 
TEST CONDITION: TORQUE FRIX DESIGN CLAMP LOAD: 16 100 Newtone ( 3,620 Pounds) 
Bolt Part No.: NAS 1104-12 Nut Part  NO.: F52LH3324-048 
Thread S i z e :  1/4-28 m-u Nut Material:  STEEL, HeAT TRBATEO 
Bolt Material:  8740 STEEL Nut Finish: CADMIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Finish: CADMIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Speci f icat ion.  NAS 1103 THRU NAS 1120 STAM)I%D Hole Sire: 6.452 m ( 0.254 in.) 









































25 50 IT 11 zi: 1 1,:; 1 2 % I % 1 :$ I 1,:; I % 1 iiz I 75 IT 7 210 1,620 7 030 1,580 8 100 1,820 6 720 1,510 115 IT 16 280 3.660 1 5  880 3,570 17  080 3.840 15 260 3,430 1 1 
II 1 II 1 II 1 1 1 II 1 
CYCLE #2 1 CYCLE #2 11 CYCLE #Z I CYCLE C2 1 CYCLE #2 
'IT' denotes i n n t a l l a t i o n  torque. 
f r a  Mosaley Autogzaf Recorder. 
Bolt-nut asaembly tes ted  in Transducer Control. load c e l l .  Tensile clamp load determined from X-X curve 
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TABLE NO. V J 3 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
NAS 1104 SERIES SlioRT THBBAD HM HEAD ALLOY STEEL BOLTS 
TEST COITION: TORQUE FBOH i+Ur DESIGN MELP L-D: 16 100 Newton. ( 3,620 Pounds) 
Bolt  Part  No. : NILS 1104-12 Nut Par t  No. : NAs679A4 
Thread Size:  1/4-28 u ~ p - 3 ~  Nut Kater ia l :  STEEL 
Bolt Mater ia l :  8740 STEm Nut Finish: DRY FIUl LUBE OVER CAB4IW PLATE 
Bol t  F i n i s h :  CALMIUM PLATE, W-P-416, TYPE 11, CLASS 3 
Bolt S p e c i f i c a t i o n .  NAS 1103 THRU NAS 1120 STANDARD Hole Sire: 6.452 mm ( 0.254 i n . )  
Washer Part  NO.: AN960-416 
~ ~~ ~ 















































( i n - l b f )  
25 I T  




50 I T  
























Newtons I (Pounds) 
CYCLE #I  
10 990 2,470 























2 270 510 
6 630 1 1,490 


















2 180 490 
5 520 1 1.240 
9 610 2,160 














25 I T  
50 I T  
75 I T  
100 I T  
5 380 1,210 
9 030 2,030 







CYCLE #4 CYCLE #4 
2.160 
CYCLE I 5  
25 IT 
50 IT  
75 I T  




100 I T  
25 IT 
100 IT 
50 I T  
75 IT 
25 I T  














2 050 460 
5 430 I 1,220 
9 340 2,100 
15 170 3,410 - 
CYCLE 86 CYCLE 16 ICYCLE 16 I CYCLE #6 T 
2 050 460 
7 870 1 1,770 
12 450 2,800 




CYCLE 110 - CYCLE # l o  ICYCLE #10 CYCLE #10 
2 050 460 
4 940 1,110 
8 760 1 1.970 
14 370 3,230 13 520 1 3;040 
CYCLE #11 
XFr-E- 















1 9 1 0  I 430 2 050 I 460 
5 030 1,130 
8 670 1,950 
13 830 3,110 
4 710 1,060 
7 560 1,700 
12 720 2,860 l a 760 1,970 13 430 3.020 490 I 4 360 980 7 520 I 1,690 11 920 2.680 I 
CYCLE #15 - CYCLE I15 
1 960 440 
4 140 930 
7 160 1 1,610 
11 030 2,480 
1 870 420 
4 310 970 
7 960 I 1,790 
13 340 3,000 
‘IT‘ denotes instmllmticn torque. 
Bolt-nut asermbly t ea ted  in Transducer Controls l o sd  cell. 
frm Hoaeley Autograf Recorder. 
Tensile clamp load determined from X-Y surne 
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TABLE NO. V J 4 
RESULTS OF 15-CYCLB INSTALLATION TORQUE-TEXSION TESTS OF 
WS 1104 SERIES S E W  TRRp+s liw HEAD ALLOY STBKL BOLTS 
TEST CONDITION: TOXQW FRM NUr DESIQ4 C L M P  LMD: 16 LOO Newtom ( 3,620 Pounds) 
Bolt Part  No.: U S  1104-24 Nut Par t  No. : RM52L53324-048 
Thread Size: 1/4-28 m-s Nut Material:  STEEL, HBAT -TED 
Bolt  H a t e r i a l :  8740 STBKL 
Bolt Finish:CADMW PLATE, Q-P-416, TYPE 11, CLASS 3 
Bolt Specification. NAS 1103 THRU NAS 1120 STANDARD Hole Size: 6.452 mm ( 0.254 in.) 
Nut Finish: 
Washer Part  No.: AN960-416 
DRY FILM LUBE OWR C A M W  PLATE 
SPECMEN NO. R-T217 SPECIMEN NO. R-T218 SPECIMEN NO. R-T219 
CYCLE #I I 
TOi -



















3 020 3 020 
16 590 16 280 
I I 
I n I 
CYCLE 22 CYCLE #2 CYCLE 12  -zJ-z CYCLE 12 






5 160 1 1,: 1 ii: I 1,;;: 
8 500 1,910 9 030 2,030 






CYCLE #3 CYCLE #3 CYCLE 113 I
1 9 6 0  440 
4 670 1,050 
7 920 1 1,780 
12 770 2,870 
2 050 460 
4 580 1 1,030 















CYCLE #4 1 CYCLE #4 
2 050 I 460 1 1 960 I 440 
CYCLE 14 CYCLE 14 
1,680 
CYCLE 1 5  - 
CYCLE 14 
0 760 1.070 
7 650 I 1,720 
12 940 2,910 
4 670 
7 610 I I % 1 ::% 
12 540 2,820 12 140 2,730 
CYCLE #5 
I I I 
I 
CYCLE #5 CYCLE 1 5  
25 I T  1- 2 270 510 
4 800 1,080 
7 960 1 1,790 
12 720 2,860 
2 180 490 
4 710 1,060 
7 430 1 1,670 
12 590 2,830 
4 3: I l,g: I 4 1 420 99
1,620 







CYCLE 110 1 CYCLE 
I II 
























1 690 380 
4 050 910 
6 410 1 1,440 
10 360 2,330 
1 870 
I 
CYCLE 111 CYCLE 111 
3 960 
II 









9 300 2,090 
I 
NUI'ES * 
-i7-*'IT'  denote. i n 8 t e l l a t i o n  torque. 
zf Bolt-nut assembly t ea ted  i n  Tranaducer Controls load c e l l .  Tensile claw load determined frm x-Y eume 
from Moaeley Autograf &=-der. 
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TABLE NO. V J 5 
RBSDLTS OP 15-CYCLE I N $ M L L A T I ~  TORQUB-TgLySION TESTS OP 
W 1101 SERIES SHOBT TARBAD HEX HEAD ALLOY STEEL BOLTS 
DBSIW a n :  16 1W Newton. ( 3,620 P o u n d s )  TEST CONDITION: TOaguB pBm wvp 
B o l t  Par t  No. : ms 1104-24 Nut P a r t  No.: F52l.83324-048 
Thread Size: 1/4-28 u ~ p - 3 ~  Nut Material: STEEL., HEAT TREATED 
Bolt Hnterial: 8740 STB~L Nut F i n i s h :  CADMIIM PLATE, 99-P-416, TYPE 11, CLASS 3 
Bolt F i n i s h :  wu).?IIm PLATED, 9Q-P-416, TYPE 11, CLASS 3 
Bolt Specification: NAS 1103 m u  us 1120 STAMURD Hole Sire: 6.452 m ( 0.254 in.) 












































: i n - l b f )  
l/ 





50 I T  
75 I T  
115 IT 
25 IT  
50 I T  
75 IT  
115 IT  
25 I T  
51) IT  
75 IT 
115 I T  
25 tT 
50 I T  
75 IT 





25 I T  
50 I T  
75 I T  
115 IT 
25 IT 
50 I T  
75 I T  
115 I T  
25 IT 
50 I T  
75 I T  
115 IT 
SPECWEN N0.R-TZZO SPECIMEN NO.R-TZ21 SPECIMEN NO. R-T22 SPECIMEN NO.R-TZ23 SPECIMEN NO. 













c Y a E  # i s  
INDUCED 
1 420 320 
3 510 I 790 
6 540 1.470 
CYCLE 22 
- .  
3 780 850 
7 070 1 1,590 






1 510 340 
6 850 1.540 
4 OM) I 900 
CYCLE #5 
6 580 1,480 
13 660 3,070 
CYCLE 16 I ; E  1 







C Y m E  215 
; :E 1 ;;: 
4 980 1,120 
9 250 2,080 
&lP LOAD 
Newtons I ( P o u n d s ) (  N e w t o n s  1 ( P o u n d s )  $ Newtons I ( P o u n d s )  
CYCLE #1 I CYCLE #1 1 CYCLE ill 
I I I m I 
CYCLE #2 I CYCLE X2 I CYCLE #2 
I I I R ' I  
15  080 1 3,390 I 15 570 I 3;500 11 I 
NOTES: 
' IT'  denote. inets l la t ion torque. 
2/ Bolt-nut assembly tested in Tranrducer C o n t r o l s  l w d  cell. Tensile clemp load determined from X-Y curve - from Uoaeley Autogrsf Recorder. 
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TABLE NO. v J 6 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
NAS 1104 SKRIES SHORT THRBAD Hgx HEAD ALLOY STEEL BOLTS 
TEST CONDITION: TWQW F B a  Nm DESIGN Mllp  LOAD: 16 100 Newton. ( 3,620 Pounds) 
Bolt  Pert  No.: NAS 1104-24 Nut Par t  NO.: NAS679A4 
Thread Size: 1/4-28 u ~ p - 3 ~  Nut Uater ia l :  STEEL 
Bolt Mater ia l :  8740 STEEL Nut F in ish :  DRY FILM LUBE OVER CADUILU4 PLATE 
Bolt  Finish: CADMIUM PLATE, 9~-p-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion .  NAS 1103 T ~ U  NAS 1120 STANDARD Hole S i z e :  6.452 m ( 0.254 in.) 








SPECIMEN NO.&T224 SPECIMEN NO.R-TZ25 SPECIMEN NO.R-TZ26 SPECIMEN NO. R-T227 SPECIMEN NO. 
Newtons I (Pounds)H Newtons I (Pounds) 1 Newtons I (Pounds) 
l l  INDUCED CLAMP LOAD 

















































IT 2 090 470 2 180 490 
I T  % 1 1,;: 5 520 1,240 5 520 1,240 
I T  9 470 2,130 9 960 2,240 9 790 2,200 
I T  16 240 3,650 16 190 3,640 1 5  660 3,520 
CYCLE #3 CYCLE C3 CYCLE 83 
IT 2 360 490 2 220 500 
1,190 5 160 1,160 
2,030 8 980 2,020 
3,320 14 230 3,200 
II I II I U I 
CYCLE 1 5  I/ CYCLE #5 11 CYCLE 1 5  
I II I II I 
25 IT 





11 CYCLE #10 ]I CYCLE # l o  I[ CYCLE 610 
25 I T  
50 IT 11 ;:: 1 % I 2 2; 1 ::: I :?: 1 ::: 
75 IT 6 810 1,530 7 290 1,640 7 160 1,610 





CYCLE 111 11 CYCLE 111 11 CYCLE 111 
1 9 6 0  440 2 090 470 1 9 6 0  440 
I II I 
I w 
CYCLE 115 [I CYCLE 115 11 CYCLE 115 
25 IT 
50 IT 1 :;: I :;: 1 i it: I iz: 1 i % I % 
75 IT 6 670 1,500 6 940 1,560 6 890 1,550 
100 IT 9 830 2,210 1 0  360 2,330 9 870 2,220 
11 I II I 
Newtons I (Pounds 









CYCLE 12 I 
2 090 470 
5 290 I 1,190 
9 560 2.150 
CYCLE #4 I 
2 090 470 
;;: 1 1.030 
12 540 2,820 
1,800 -
CYCLE 1 5  
CYCLE 16 
Ti7-Z- ~ .. . 
4 360 980 
7 430 1 1,670 
11 880 2,670 
CYCLE #10 I 
1 870 420 
4 230 1 950 
6 890 1.550 
CYCLE 115 I 
1 780 400 
4 050 910 
6 580 I 1,480 
-10 140 2,280 
Newtons 1 (Poundal 
-7- 
CYCLE C2 I 
CYCLE 63 -r CYCLE W 










T * $ I T '  denotes i n s t i l l a t i o n  torque. 
E/ Bolt-nut assembly tea ted  i n  Transducer Control. load c e l l .  
f r a n  Hoseleg Autograf Recorder. 
Tenaile clamp load determined f r w  X-Y curve 
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TABLE NO. V J 7 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OP 
NAS 1106 SERIES SHORT TllRBAD REX HEAD ALLOY STEBL BOLTS 
TEST CONDITION: TORQUB PRM w 
Bolt Par t  No. : NAS 1106-18 
Thread S i r e :  3/8-24 UNF-3A 
Bolt Mater ia l :  8740 STEEL 
Bolt F in ish :  UJJMWU PLATE, 99-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion :  NAS 1103 THRU NAS 1120 STANDARD 
DESIGN CIdW LOAD: 39 010 Newton. ( 8,770 Pounds) 
Nut Part  No.: BM52LN3324-064 
Nut Material:  STEEL HEAT TREATED 
Nut Finish: 
Washer Part No. : AN960-616 
Hole Size: 9.627 m ( 0.379 in.) 
DRY FILH LUBE OVER CADXIUX PLATE 














, I  
Uewtons I (Pounds) 






CYCLE 12 CYCLE #2 CYCLE 12 
-7- 150 ii, / /  1: 880 I 4;020 225 IT 2, 003 6,070 300 IT 37 320 8,390 ' 
CYCLE 63 
1 CYCLE #4 






33.90 32 600 I 7;330 










150 I T  16 900 
225 I T  )I 25 Y80 




CYCLE 1 5  1 CYCLE 1 5  
I 










I I  I 
CYCLE #6 CYCLE #6 -r 1,670 3,730 7,760 7,760 I 
I 
CYCLE 110 CYCLE 110 1 CYCLE #10 75 I T  7 250 1,630 150 I T  11 15 480 1 3,480 225 I T  23 970 5.390 300 I T  11 32 960 I 7;410 I,  
CYCLE #11 
I 







CYCLE 115 I E F E  I CYCLE #I5  6 230 I 1.400 H 7 210 I 1.620 6 580 I 1.480 ~~ 
150 IT 1 5  120 3;400 
225 23 530 5,290 
300 11 32 470 I 7,300 14 280 3:210 22 060 4,960 31 050 6,980 
II I 
' IT '  denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  i n  Transducer Controls lord cell. 
Indica tor .  
Tensile clamp lo rd  determined from RBI S t r a i n  
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TABLE NO. V J 8 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TKSTS OF 
NAS 1106 SEBIKS SHORT THREAD HBX HEAD AUOY STEKL BOLTS 
TEST CQIDITION: TORQU.? FRDH Nm DPSICN Mw LMD: 39 010 Newtons ( 8 , 7 7 0  Pounds) 
Bolt PllKt No.: NAS 1106-18 Nut Part No.: NAS679A6 
Thread Size: 3/8-24 W-3A Nut Uaterial: STEEL 
Bolt MateKial: 8740 STEEL Nut Finish: DRY FILM LUBE OVER CADXIUM PLATE 
Bolt Finish: CADMIlM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Specification: NAS 1103 THRU WS 1120 STANDARD Hole Size: 9.627 m ( 0.379 i n . )  




































































1 U 1 
CYCLE 12 1 CYCLE #2 
1 1 1 
8 010 1,800 :: 22: I x: w I I 
33 760 
NOI'KS: 
'IT' denotes installation torque. 
Bolt-nut assembly tested in Transducer Control. l M d  cell. 
Indicator. 
Tensile clamp bad determined from RBI Strain 
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TABLE NO. V J 9 
RESULTS OF 15-CYCLE INSTALLATION 
NILS 1106 SERIES SHORT THRBAD HEX 
TORQU~S-TENSIOX TESTS OF 
HMD U L O Y  STEEL BOLTS 
DKSIGU CLAW L W :  39 010 Newtons ( 8,770 Pounds) TEST CMDITION : 
Bolt Part  No.: NAS 1106-37 lhrt Par t  No.: RH52LH3324-064 
TOapw FRm m 
Thread Size: 3/8-24 w-u Nut H a t e r i a l :  STEEL, HEAT TREATED 
Bolt  H a t e r i a l :  8740 STEEL Nut F in ish :  DRY FILM LUBE OVRR CADXIUW PLATE 
Bolt F in ish :  CADMIM PLATE, QP-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion :  NAS 1103 m u  NAS 1120 STANR~RD Hole size: 9.627 mm ( 0.379 i n . )  

























































75 I T  











SPECMEN NO.R-TZ36 SPECIMEN NOS-TZ37 SPECINEN NO. R-T238 SPECIMEN N0.R-T239 SPECmEN NO. 
INDUCED CWW LOAD 
3 250 1 730 I 3 510 I 790 I 3 110 I 700 
9 210 2,070 12 230 2.750 11 253 2,530 
15 390 3,460 22 550 5.070 21 310 4,790 
22 680 5,100 33 270 7.480 31 400 7,060 
8 940 I 2,010 /I 7 250 1 1,630 I 7 650 1 1,720 
18 990 4,270 16 010 3,600 15 880 3,570 
27 000 6 070 24 240 5,450 24 600 5,530 
35 503 1 7:980 33 580 7,550 33 670 7,570 
7 520 1 1,690 I 7 430 I 1,670 I 7 740 I 1.740 
1 7  840 4,010 16 410 3,690 16 150 3,630 
27 360 6,150 24 780 5,570 25 180 5,660 
35 760 8.040 33 890 7.620 34 250 7,700 
C Y U R  #lo  CYCLE 110 
I II I U I 
CYCLE #11 11 CYCLE 111 11 CYCLE 111 
6 850 1 1,540 1 6 670 I 1,500 I 6 850 I 1,540 
19 300 4.340 15 610 3,510 1 5  350 3,450 
29 850 6,710 23 840 5,360 24 330 5,470 
36 830 8,280 32 690 7,350 32 960 7,410 
I II I II I 
Newtons I (Pounds) I Newtons 1 (Pounds) 
I I 
I II I 
CYCLE Y11 I CYCLE ill 
' 'IT' denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  in Transducer Controls l a d  c e l l .  Tensile clamp load determined from RBI S t r a i n  
Indica tor .  
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TABLE NO. V J 10 
BBSLILTS OF 15-CYCLE INSTALLATION TCBQUE-TENSION TESTS OF 
NAS 1106 SERIES SROEI' THREAD HBX READ ALLOY STEEL BOLTS 
TEST CONDITION: TORQUE ~ B M  rn D B S I R  CLAMP L M D :  39 010 Newtons ( 8.770 Pounds) 
Bolt Part No.: NAS 1106-37 Nut Part No. : NAS679A6 
Thread Size: 3/8-24 u~p-u Nut Material: STEEL 
Bolt Material: 8740 S T E ~  Nut Finish: DRY F1u4 LUBE OVER CADMIUM PLATE 
Bolt Finish: CAIMIUM PUTE, QQ-P-416, TYPE 11, C U S S  3 
Bolt Specification: NAS 1103 THRU NAS 1120 STANDARD Hole Size: 9.627 mm ( 0.379 in . )  
Washer Part NO. : AN960-616 
SPECMEN NO.R-T240 SPECMEN NO.R-TZ41 SPECMEN NO.R-TZ42 SPEC- NO.R-TZ43 SPECIMEN NO. 





























150 75 IT 1 f I :$:: 
225 IT 27 000 6,070 











75 IT 11 5 070 I 1.140 
150 IT 11 300 2:540 
225 IT 11 18 820 I 4,230 





Yewtans I (Pounds) 
6 490 1,460 
14 410 3,240 
26 200 5,890 
39 450 8,870 
CYCLE #2 
7,890 
CYCLE 1 3  
I 
6 000 1.350 
13 303 2,990 
33 400 7,510 




CYCLE #5 I 
5 200 I 1.170 
12 190 2i740 
19 480 4.380 
29 180 6,550 
CYCLE #6 v 
5 120 1,150 
11 340 2,550 
19 260 4,330 








Newtons I (Pounds 
CYCLE #I  
8 630 1.940 
18 I00 4,070 
28 690 6,450 
39 230 8,820 
 
ICYCLE #2 
8 140 1,830 
17 300 3,890 
26 950 6.060 
38 030 8,550 
CYCLE (13 
I 
7 920 1.780 
16 370 3.680 
26 070 5,860 
36 960 8,310 
I 
CYCLE #4 
16 810 3;780 
25 660 5,770 








5 780 1,300 
12 720 2,860 
19 790 4,450 
27 890 6,270 
CYCLE #11 
 
5 250 1,180 
11 560 2,600 
18 590 4,180 
26 600 5,980 
I 
CYCLE #15 
4 940 1,110 
10 810 2,430 
17 080 3,840 
24 690 5,550 
CYCLE 12 I 
7 610 I 1.710 
17 120 3;850 
26 110 5,870 
36 610 8.230 
CYCLE #3 
35 410 I 7;960 
CYCLE #4  
6 270 I 1.410 
14 630 3;290 
23 440 5,270 
33 320 7,490 








27 530 I 6;190 
 - CYCLE #15 
Newtons I (Poundal 




 CYCLE #5 
CYCLE 86 
-7- 
CYCLE #IO I CYCLE #11 
I CYCLE #15 
'IT' denotes installation torque. 
Bolt-nut assembly tested i n  Transducer Controls load cell. 
Indicator. 
Tensile clamp load determined frm RBI Strain 
3'91 
TABLE NO. p J 11 
RESULTS OF 15-CYCLE INSTALLATION TaQUB-TENSION TESTS OF 







DESIGN w LMD: 7 1  080 Newton8 ( 15,980 Pounds) TEST CONDITION: ToaguE FRDM NUT 
Bolt Part No.: NAS 1 1 o 8 - 5 ~  Nut Part No.: H14-8 
Thread Sire: 1/2-20 u ~ p - 3 ~  Nut Material: ALLOY STEEL, U T  TREATED 
Bolt n s t e r i s i :  8740 S T ~  Nut Finish: DRY FILM LUBE OVER cAo?LIUM PLATE 
Bolt Finish: CADUIDM PLATE, QQ-P-416, TYPE I, CLASS 3 
Bolt Specification: NAS 1103 T ~ U  NAS 1120 STANDARD Hole Size: 12.827 m ( 0.505 in . )  
Washer Part NO. : AN960-816 
w 
2.550 12 370 2,780 11 030 2,480 11 830 2,660 12 900 2,900 
5.310 26 070 5,860 24 200 5,440 25 090 5,640 26 200 5,890 
7,850 52 440 8,850 50 480 8,020 38 210 8,590 40 030 9,000 
10,900 52 440 11,790 50 480 11,350 51 290 11,530 52 130 11,720 






































CYCLE X2 CYCLE #2 CYCLE #2 CYCLE #Z 


















( i n - l b  f ) 
300 I T  
600 I T  
900 IT 
1200 I T  
1500 I T  -- 
300 I T  
600 IT 
900 I T  
1203 I T  
1500 IT 
1,920 8 050 1,810 8 180 1,840 8 500 1.910 
4,580 18 330 4,120 19 790 4,450 18 E20 4,230 
7,470 29 580 6,650 32 510 7.310 29 310 6,590 
10.370 42 210 3,490 $4 790 10,070 42 970 9,660 
15,230 59 470 13.370 62 050 13.950 60 940 13 7 ( L e  
300 I T  
600 IT 
900 IT  
1200 I T  
1500 IT 
300 IT 
600 I T  
900 I T  
1200 I T  
1500 I T  
31 850 7;160 
52 000 I 11,690 
CYCLE #15 
300 I T  
600 I T  
900 I T  
1203 I T  
1500 I T  
300 I T  
600 I T  
903 I T  
1200 IT 
1533 I T  
300 I T  
600 I T  
900 IT 
1200 I T  
1500 I T  
40 080 9;OlO 33 890 7;620 32 560 7;320 32 920 7:400 I 59 340 I 13,340 1 41 770 I 9,390 1 46 170 I 10,380 1 48 750 I 10,960 
I CYCLE #15 11 CYCLE #15 H CYCLE 115 n CYCLE # i s  
303 IT 
600 I T  
903 I T  
1200 I T  
1500 IT 
300 IT 
600 I T  
900 I T  
1205 IT 






SPECIMEN N0.R-T244 I SPECIMEN NO.R-T245 1 SPECMEN NO. R-T246jl SPECMEN NO.R-T247 I SPECIMEN N0.R-T248 
INDUCED CIAW LDAD 
CYCLE I1 n CYCLE 1 CYCLE #l I CYCLE #1 CYCLE #l 
I I I I I n 1 
5 600 1,260 5 340 1,200 5 200 1,170 5430  1,220 
16 240 3,650 13 430 3,020 13 300 2.990 13 480 3,030 
27 090 6,090 23 220 5,220 22 370 5,030 22 730 5,110 
33 230 8,820 33 270 7,480 31 310 7,040 31 940 7,180 
56 490 12,700 40 250 9,050 42 430 9,540 ~ 45 550 10,240 
CYCLE #3 11 CYCLE #3 u CYCLE #3 I CYCLE #3 11 CYCLE #3 
I n I I1 I I I n 1 
1,390 8 140 1,830 8 230 1,850 6 810 1,530 7 870 1,770 
5,640 30 960 6,960 28 380 6,380 27 800 6,250 28 470 6,400 
3,390 18 640 4,190 1 7  970 4,040 17  170 3,860 18 370 4,130 
7.730 43 500 9,780 40 920 9,200 39 720 8,930 39 230 8,820 
11,270 I 66 050 14,850 54 400 12,230 58 140 13,070 , 57 110 12,840 
6 670 1,500 7 780 1,750 7 740 1,740 6 490 1,460 7 120 1,600 
15 660 3,520 17 790 4,000 16 860 3,790 15 830 3,560 16 320 3,670 
24 780 5,570 29 890 6,720 26 070 5,860 25 750 5,790 
34 920 7,850 42 480 9,550 37 940 8,530 35 670 8,020 
49 190 11,060 64 900 14.590 53 550 12.040 50 660 11.390 
CYCLE W CYCLE #6 NCLE 66 CYCLE #6 CYCLE 16 
6 030 1 1,370 I 7 430 I 1,670 I 6 580 I 1,480 1 :4: I 6 450 1 1,450 14 990 3,370 16 350 3,810 15 660 3,520 3,510 15 750 3,540 24 150 5,430 28 910 6,500 25 260 5,680 5,750 25 310 5,690 33 850 7.610 02 210 9.490 36 520 8.210 37 14  8.3  
52 750 1 11;860 11 63 830 I 14:350 11 47 500 I 101680 I 50 090 I 11:260 I 49 330 I i i : m L  
11 NCLE C10 11 CYCLE #10 CYCLE #lo 11 CYCLE #lo NCLE #10 
CYCLE #11 CYCLE #11 CYCLE # l l  CYCLE C11 CYCLE # l l  
6 450 1,450 5 960 1,340 5 650 1,270 5 290 1.190 5 870 1.320 
14 230 3,200 15 970 3,590 13 570 3,050 14 190 3,190 13 880 3,120 
23 090 5.190 27 840 6.260 23 090 5.190 23 260 5.230 23 040 5.180 
NOTES- 
T . * I T '  denotes instal la t ion torque. 
2J Bolt-nut aasembly tested in Transducer Cartrole l c a d  cel l .  
Indicator. 
Tensile clamp load determined from BBI Strain 
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TABLE NO. V J 12 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TBIiSION TESTS OF 
NAS 1108 SERIES SHORT T W D  llBX HEAD ALLOY STEEL BOLTS 
TEST CONDITION: TORQUE FRCM NVI' 
Bolt Par t  No.: WAS 1108-5oW 
Thread Sire: 1/2-20 m-u 
Bolt Mater ia l :  8740 STEEL 
Bolt F i n i s h : c A M m  PLATE, QQ-P-416, TYPE I, CLASS 3 
Bolt Spec i f ica t ion :  NAS 1103 THRU NAS 1120 STANDARD 
DESIGN CLAMP LMD: 71 080 Nevtons ( 15,980 Pounds) 
Nut Par t  No. : NAS679A8 
Nut Mater ia l :  STEEL 
Nut F in ish :  
Washer Part  No.: m 6 0 - 8 1 6  
Hole Size: 12.827 am ( 0.505 i n . )  
DRY FILM LUBE OVBR CALDEIIIM PLATE 















































































, (Pounds' I Newtons 1 (Pounds) I Newtons I (Pounds) Newtons ICYCLE I1 I CYCLE I1 11 CYCLE # l  



















CYCLE 82 I CYCLE 1 2  ! CYCLE #2 
I I I n I 
CYCLE 12 
I 
16 010 3,600 
36 870 8,290 
57 910 13,020 
75 660 17,010 
I I I I 
CYCLE 13 I CYCLE 63 ! CYCLE 1 3  CYCLE 13 
I 













1 5  610 3,510 
36 160 8,130 
56 760 12,760 
73 970 16,630 
L




































1 5  430 3,470 
35 760 8,040 
55 730 12.530 








1080 IT - 



















I CYCLE 16 I CYCLE #6 



































14 630 3,290 
34 610 7,780 
72 460 16,290 































12 810 2,880 
31 800 7,150 
51 110 11,490 
15,360 57 960 
CYCLE #15 I
12 010 2,700 
28 730 6,460 
46 440 10,440 
62 490 14,050 
NOIES * 
T * t I T *  denotes i n a t a l l s t i o n  torque. 
21 Bolt-nut assembly tea ted  i n  Transducer Controls load c e l l .  
'Indicator. 
Tensile clamp l M d  determined f r w  BBI S t r a i n  
3 9 3  
UBLE NO. V J 13 
RESULTS OF 154- INSTALLATION TOXQUB-TENSION TESTS OF 
NAS 1104 SERIES SHORT THREAD HEX HEAD ALLOY STEEL BOLTS 
TEST CONDITION: TmQUB FROn BOLT BEAD DESIQI CLAW LMD: 16 100 Newtons ( 3,620 Pounds) 
Bolt Part  No. : U S  1104-12 Nut Par t  No.: RM52LH3324-048 
Thread Size: 1/4-28 u H p - 3 ~  
Bolt Mater ie l :  8740 STEEL hlut Finish: LmY FILM LUBE OVBR CA~IUW PLATE 
Bolt Finish: CADXIW PLATE, W-P-416, TYPE 11, CLASS 3 
Nut Material:  STEHL, KEAT TREATED 
Washer Par t  NO.: AN960-416 



















SPEC- NO.bT253 SPECIMEN NOR-T25 
INDUCED 







Newtons I (Pounds 
CYCLE #I 
Newtons I (Pound8 
CYCLE 11 -r 
Newtons I (Pounds) 
CYCLE #I  I CYCLE #2 

























9 830 - 
15 210 I 3;420 
CYCLE #2 CYCLE 12 
CY- 1.10 
I 











1 780 I 400 4 050 91
















5 870 1,320 



























1 110 250 
2 400 1 540 
3 690 830 
5 070 1,140 
8 410 I 1,890 
CYCLE 111 
3 600 
5 030 1,130 
CYaE #15 
8 100 1.820 
CYCLE 111 
850 190 











700 3 020 
4 310 
'IT' denote. i w t a l l a t i o n  torque. 
f r a n n o s e l e y  Autograf Recorder. 
Bolt-nut s s m u b l y  t e s t e d  in Tran8ducer Control8 1-d c e l l .  Tensile clamp load determined from X-Y fume 
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TABLE NO. V J 14 
RgSULTS OF 15-CYCLE' INSTALLATION TORQUE-TENSION TESTS OF 
NAS 1104 SERIES SHORT THREAD RBX HEAD ALLOY STEEL BOLTS 
TEST CONDITION: TORQUE FUM BOLT HEAD DESIGN -LOAD: 16 100 N M O n S  ( 3,620 Pounds) 
Bolt Part  No.: NAS 1104-12 Nut Par t  NO.: NAS679A4 
Thread Sire: 1/4-28 m-3~ Nut Material:  STEEL 
Bolt Mater ia l :  8740 STEEL Nut Finish: DRY FILM LUBE OVBR CADMIUM PLATE 
Bolt F in ish :  CADMIW PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion .  NAS 1103 THBU NAS 1120 STANDARD  ole Sire: 6.452 w ( 0.254 in.) 
Waeher Par t  No.: AN960-416 
I 


































(in-lbf) Newtons 1 (Pounds: ~
CYCLE #I 
25 IT 2 400 540 
CYCLE 1 2  
I 
CYCLE #3 
75 I T  5 120 1,150 
100 IT 7 120 1,600 
140 IT 11 300 2,540 
CYCLE 14 
50 IT 2 450 
75 IT 3 960 890 
100 IT 5 690 1,280 





1:1 11 3 380 I 760 100 IT 4 580 1,030 7 960 1,790 
INDUCED CLAW LOAD 
Newtons t (Pounds)! Newtons 1 (Pounds 
CYCLE #I CYCLE #l  
U 1 
I -  
CYCLE 12 ! CYCLE #2 
7 160 1 610 7 560 1 1;700 
1 1  210 I 2i520 11 12 100 2.720 
360 80 850 190 
1 380 
2 670 I iii I 3 iii 1 
8 270 1.860 9 300 2.090 
4 310 1,200 
CYCLE #5 CYCLE #5 
2 620 3 470 
4 140 930 5 160 1,160 
7 560 1 700 8 500 1 910 
CYCLE 1 6  CYCLE 16 
440 100 
1 470 1 i:: I 1 870 , I :i 
2 850 3 110 
4 230 950 4 540 1,020 
7 520 1,690 7 780 1,750 
&%E # l o  11 CYCLE #IO 
1 1 
CYCLE #11 CYCLE #11 
1 6 0 0  1 820 410 
2 760 620 2 890 
4 230 950 4 140 930 
6 810 1,530 7 030 1,580 
CYCLE 115 CYCLE #15 
3 650 3 160 
'IT' denote. i n s t e l l a t i o n  torque. 
f r a  nonelay Autograf Recorder. 
Bolt-nut a s s d l y  t ea ted  in Transducer Controls lcad c e l l .  Tens i le  clamp l a d  determined fran X-Y curve 
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TABLE NO. V J 15 
RBSLILl'S OP 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
NAS 1106 SERIES SHOBT THREAD Hex HEAD ALLOY STBEL BOLTS 
DESIGN cw.Lp LOAD: 39 010 Newtons ( 8,770 Pounds)  TEST CUUIITION: TORQUE FRU4 BOLT HEAD 
Bolt Pert No.: NbS 1106-37 Nut Pert NO.: RM52LH3324-064 
Thread Sire: 3/8-24 u~p-u Nut Haterial: STEEL, HEAT TREATED 
Bolt Naterial: 8740 s ~ g g ~  Nut F i n i s h :  DRY FILM LUBE OVER WIlM PLATE 
Bolt Finish: CADMluM PLATE, 99-P-416, TYPE 11, CLASS 3 Washer Part NO.: AN960-616 

















































75 I T  
150 I T  
225 I T  
300 I T  
330 IT 
Newtons I (Pounds: 
CYCLE #I  






9 160 2,060 
19 260 4,330 
28 870 6,490 
37 590 8,450 
39 850 8,960 
C Y C U  14 
 
6,540 
330 IT 39 680 I Si920 
CYCLE 15 1 9 340 75 IT 2:lOO 
150 I T  19 040 4,280 
225 I T  29 090 6,540 
300 I T  37 010 8,320 
330 I T  39 540 8 890 
CYCLE C6 I 8 140 75 IT 1 1,830 
150 I T  14 720 3,310 
225 IT 25 620 5,760 
300 IT 33 580 7,550 
330 I T  36 920 8,300 
CYCLE (110 
75 IT 11 7 920 I 1,780 
150 IT 17 210 3.870 
CYCLE 12 CYCLE X2 
I I 
34 650 7;790 34 690 7;800 
38 250 8,600 38 390 8,630 
CYCLE t3 CYCLE 63 
7 250 1,630 7 830 1,760 
16 860 3,790 17 300 3,890 
26 420 5,940 25 220 5,670 
33 940 7,630 33 890 7,620 
37 900 8,520 37 760 8,490 
CYCLE I4 CYCLE #4 
7 030 1,580 7 560 1,700 
24 240 5,450 25 890 5,820 
33 450 7,520 34 610 7,780 
37 270 8.380 38 250 8.600 
15 ea0 3,570 16 590 3,730 
CYCLE #5 CYCLE 15 
16 900 3,800 16 100 3,620 
25 750 5,790 25 620 5,760 
34 030 7,650 34 340 7,720 
37 500 8 430 37 900 8 520 
CYCLE 16 CYCLE 16 
CYCLE C15 1 CYCLE #15 
1 5 740 I 1;: 5920 1 1; 14 280 3,210 13 610 3,060 22 860 5,140 21 970 4,940 31 450 7,070 30 2535 630 8 010 34 520 7 760 
Newtons I (Pounds 
CYCLE P I  7 
CYCLE 82 I CYCLE 13 
I 




CYCLE #ll I CYCLE C15 
CYCLE #2 I 





1 CYCLE 111 
7- CYCLE 115 
NUI'ES: 
'IT' denotes installation torque. 
Bolt-nut assembly tested in Transducer Control. l o a d  cell. 
Indicator. 
Teneile clamp load determined from RBI Strain 
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TABLE NO. V J 16 
RESULTS OP 15-CYCLE3NSTALlATION TORQUB-TmSION TESTS OF 
NAS 1106 SERIES SHORT THREAD HEX HEAD ALLOY STEEL BOLTS 
TEST CQIDITION: 
Bolt Part No.: U S  1106-37 
TO?.QUE FROM BOLT EUD 
Thread Size: 3/8-24 IJNF-M 
Bolt Material: 8740 STE5 
Bolt Finish: CADXIM PLATE, QQ-P-416, TYPE 11, CLASS 3 




33.90 300 IT 
39.54 350 IT + 
8.47 75 IT 
16 95 150 IT 
25.42 225 IT 
33.90 300 IT 
39.54 350 IT 
8.47 1 75 IT 
16.95 150 IT 
25.42 225 IT 
SPECIMEN N0.R-T262 SPECMEN NO.R-T263 
Newtons 1 (Pounds) 11 Nevtons I (Poundal 
INDUCED 
CYCLE #1 11 CYCLE #1 
I , 
30 510 1 32 160 6;860 I 71230 
37 990 8,540 38 560 8,670 
CYCLE #2 CYCLB #2 
22 600 23 350 
33 050 
5 030 
12 770 1 i: 1 1: i:: I ::::: 
21 570 4,850 22 240 5,000 
32 830 31 490 7.080 
35 980 I 8:WO u 35 360 I 7:950 
4 580 1,030 4 760 I 1,070 
I I 
11 340 2,550 12 630 2,840 
18 100 4,070 20 510 4.610 
27 930 6,280 28 960 6,510 
32 560 7,320 33 450 7,520 
CYCLE #5 CYCLE #5 
4 540 I 1::: 1 4 360 1 10 190 2,290 11 250 2,530 16 500 3,710 18 330 4,120 26 87 27 090 30 560 6,870 31 310 
CYCLE #6 11 CYCLE #6 
I I1 I 
3 870 870 I 4 230 6,1:1 
10 050 2,260 10 580 2,440 
16 860 3,790 17 970 4,040 
27 130 6,lW 26 780 6,020 
30 470 6,850 30 960 
CYCLE 110 CYm 110 
3 650 820 I 3 910 1 2,::: 
9 160 2,060 10 230 
15 170 3,410 16 550 3,720 
25 530 5.740 25 710 5,780 
29 620 6,660 29 940 6,730 
CYCLE #11 CYCLE tll 
4 000 
20 690 
30 160 I 6;780 11 29 580 I 6;650 
CYCLE ti5 11 CYCLE #15 
I 3 780 I 5:! 3 600 1 810 9 560 2,150 10 050 2,260 16 770 3,770 16 100 3,620 26 240 5,900 24 910 28 6 W  6,430 29 05 6 530 
DESIGN CIAUP LOAD: 39 010 Newton. ( 8.770 Pounds) 
Nut Part No. : NAS679A6 
Nut Material: STEEL 
Nut Finish: 
Washer Part No. : AN960-616 
 ole Sire: 9.627 m ( 0.379 in.) 
DRY FILM L W E  OVER W I M  PLATE 
SPECIMEN NO. 
w LOAD 
Nevtons I (Pounds; 






3 830 860 
9 650 1 2,170 
16 280 3,660 
25 350 5.700 
29 000 I 6;520 
CYCLE #15 
16 860 3,790 




CYCLE #2 I 
CYCLE #4 
1 
CYCLE #5 I 
CYCLE #6 r CYCLE 110 
I CYCLE 111 
I L
CYCLE 115 
Newtons I (Pounds1 
CYCLE #I 
CYCLE #2 I 
CYCLE 113 r 2- 
#4 CYCLE 
CYCLE I5 I CYCLE 16 
CYCLE #lo 
i CYCLE #ll 
-T- CYCLE 1115 
TnlT8 denotes installation torque. 
2/ Bolt-nut assembly tested in Transducer Controls load cell. 
Indicator. 





TABLE NO. V J 17 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENS103 TESTS OF 
NAS 1108 SERIES SH0P.T THREAD HEK HEAD ALLOY STEEL BOLTS 
TEST CONDITION: TCRQUE FRDM BOLT READ DBSIDN CLAMP LOAD: 71 080 Newton. (15 ,980  Pounds) 
Bolt Par t  NO.: NAS 1108-50W Nut Part  No. : H14-8 
Thread Sire: 1/2-20 m-3A Nut Hater ia l :  ALLOY STEEL, HEAT TREATED 
Bolt Mater ie l :  8740 STEa Nut F in ish :  DRY FILM LUBE OVER CAMILIM PLATE 
Bolt Finish:CAD?IIUX PLATE, e-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion :  NAS 1103 THRU NAS 1120 STANDABD Hole Size: 12.827 or0 ( 0,505 in.) 
Washer Part  NO.: AN960416 
600 













SPECMEN NO.LT265 SPECIMEN NO.R-TZ66 SPEClMe OR-T267 SPECIMEN NO. SPECIMEN NO. TOROUE 
i l  
Nm ( in- lbf )  Newtons 
CYCLE 















12,970 1 CYCLE I 
1 16 240 67.791 600 IT 1 ;:;SO 
101.69 900 IT 26 470 5,950 
135.58 1200 IT 37 720 8,480 
176.26 1560 IT 53 110 11,940 
CYCLE #15 
33.901 67 79 300 6 IT 11 y~&nii 
101.69 900 IT 
135.58 1200 IT 
176.261 1560 I T  11 I 
INDUCED C W  L 
Yewtons (Pounds) Newtons 












CYCZE 63 11 CYCLE 13 
I II 1 
3 960 890 6 720 1,510 
12 230 2,750 19 170 4,310 
22 150 4,980 33 980 7,640 
32 430 7,290 49 330 11,090 
48 350 10,870 68 190 15,330 
I 1 
CYCLE U4 CYCLE 464 
41 680 
57 600 1 1:'; :; ii: I i!::: 
CYCLE 110 CYCLE # l o  
9 520 2,140 1 5  790 3,550 
18 590 4,180 26 870 6.WO 
28 240 6,350 39 230 8,820 
38 120 8,570 54 530 12,260 
CYCZB f l l  CYCLE (11 
2 220 2,:;: 1 4 360 980 
8 940 1 5  430 3,470 
15 920 3,580 26 510 5,960 
24 600 5,530 39 010 8.770 
35 010 7,870 53 640 12,060 
CYCLE 115 CYCLE 115 1 4 670 2 050 1 ,460 I 1:050 9.520 2,140 15 700 3,530 21 480 4,830 25 890 5,820 31 800 7,150 38 390 8,630 $7 550 1 0  69  51 770 11 640 
mIis. 
- i i - ' * I T '  denotes i n s t a l l a t i o n  torque. a Bolt-nut assembly t e s t e d  i n  Transducer Controls load c e l l .  
Ind ica tor .  
Tens i le  c l a w  load determined from RBI S t r a i n  
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TABLE NO. v J 18 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
NAS 1108 SERIES SHORT THREAD HEX HBhD ALLOY S T E a  BOLTS 
TEST COEIDITION: TORQUE PROH BOLT BBAD DESIGN CLAMP LOAD: 71 080 Newtma ( 15,980 Pounds) 
Bolt  Par t  No.: NAS 1108-5ow Nut Par t  No. : NAS679A8 
Thread S i z e :  1/2-20 m-3A Nut H a t e r i a l :  STEEL 
Bolt  Mater ia l :  8740 STEEL Nut F i n i s h :  DRY FILM LWE OVER ~1~ PLATE 
Bolt  Finish:-UM UTE, qq-P-416, TYPE 11, CLASS 3 Washer Par t  No.: -60-816 
Bolt  SPeCLfLcatiOn. , NAS 1103 THRU NAS 1120 STANDARD Hole S i z e :  12.827 rn ( 0.505 in.) 
TOR0 JE SPECIMEN N0.R-T268 SPECLME 
2% ( i n - l b f )  Newtons I (Pounds) I Newtons 
CYCLE #1 11 CYCLE 
1/ 
I I1 
33.90 300 I T  
67.79 1 600 I T  1 2; zi: 1 :$: I 2; % 
101.69 900 I T  54 840 12,330 51 020 
122.02 1080 I T  72 950 16,400 68 050 
33.90 300 I T  
67.79 1 600 I T  11 t: : 1 ::if: 1 2: i:: 
101.69 900 IT  54 270 12,200 39 320 
122.02 1080 I T  71  390 16,050 49 640 
SPECIMEN NO. 10. R-T269 SPECMEN NO. R-T270 SPECIMEN NO. 
)UCED CLAMP LOAD 
1,710 7 070 1,590 
6,360 27 000 6,070 
11,470 51 690 11,620 
15,300 70 550 15,680 
CYaE #Z CYCLE 62 CYCLE (2 
2,090 10 540 2,370 
6.580 32 160 7,230 
10,560 53 240 11.970 
13,220 67 740 15,230 
11;160 I 68 410 1 15;380 I 
I I I I 
I I 
I n CYCLE $3 1 CYCLE #3 CYCLE P3 
NOTES t 
'IT' denotes i n s t a l l a t i o n  torque. 
21 Bolt-nut assembly t e s t e d  in Transducer Controls load c e l l .  
Ind ica tor .  
Tensile clamp l a d  determined from BBI S t r a i n  
I 
3 9 9  
TABLE NO. V J 19 
RESULTS OP 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
IUS 1104 SBRIB SHORT THREAD HEX HEAD ALLOY STEEL BOLTS 
TEST CONDITION: T- F R ~  DBsIffl CLAMP LOAD: 16 100 Newtons (3,620 Pounds) 
Bolt  Par t  NO. : NAS 1104-24 Nut Par t  No. : RM52LH3324-048 
Thread Size :  1/4-28 w-3A Nut n.teri.1: STEEL, HEAT TREATED 
Bolt Mater ia l :  8740 STBBL 
Bolt Finish:CADMIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Specification: NAS 1103 THRU NAS 1120 STANDARD Hole Size: 6.452 mm (0.254 in.) 
Nut F in ish :  
Washer Par t  No.: M60-416 
DRY FILM LUBE OVER CAPPIIUM PLATE 
SPECIHEhl N0.~-T271 SPECIMEN ROa-T272 SPECLMEN NO.R-TZ73 SPEC~I~EN O. SPECIMEN NO. 













Newtons I (Pounds) 
-=?-- 
iewtona I (Pounds) I Newtons I (Pounds 
CYCLE #I CYCLE #l 
I II I 










CYCLE #2 CYCLE #2 
4000 4 450 1,000 
6 230 1,400 6 450 1.450 
8 670 8 900 2,000 




















2 000 500 
1 
CYCLE 114 
1 CYCLE #5 



















CYCLE t5 CYCLE #5 









4 450 1,000 
7 120 I 1,600 
13 340 3,000 
CYCLE M 
 CYCLE 16 11 CYCLE 16 CYCLE 16 -7- CYCLE 110 
1 CYCLE #11 












CYCLE #10 CYCLE #IO CYCLE #lo 





















I I1 I 
I U I 
CYCLE #ll n CYCLE #ii CYCLE #11 
-T CYCLE #15 I II I - 
C m B  115 n CYCLE 115 










V'IT' denotes i n s t a l l a t i o n  torque. 
21 Bolt-nut assembly t e a t e d  in Skidmre-Wilhelm Torque-Tension t e s t e r .  
d i r e c t  reading  gages on t e s t e r .  
Tens i le  clamp lMd detemined  from 
400 
TABLE NO. V J 20 
RESULTS OP 15-CYCLE INSTALLATION TORQUB-TWSION TESTS OP 
MAS 1104 SERIgS SHORT TBRPIU) HEX BEAD ALLOY STEEL BOLTS 
TEST CONDITION: TOWUB FRCH Km 
Bol t  P a r t  No. : NAS 1104-24 
Thread Size: 1/4-28 UNP-3A 
Bol t  M a t e r i a l :  8740 STEEL 
Bol t  F i n i s h :  CADElIUH PLATE. QQ-P-416, TYPE 11, CLASS 3 
molt Specification: NAS 1103 THRU NAS 1120 STANDARD 
DESIGN UAMP LOhD: 16 100 Newtons ( 3,620 Pounds) 
Nut P a r t  No.: WS679A4 
Nut M a t e r i a l :  STEgl 
Nut F i n i s h :  
Washer P a r t  No. : ~~960-416 
Hole Size: 6.452 w ( 0.254 in.) 
DRY PIIM LUBE OVER CAD)IIuM PLATE 
E 
i i  
(in- 1 b f )  
25 IT  
50 IT  
75 IT  
10.3 IT  
SPEC- N0.R-T274 SPECIMEN N0.R-T275 
INDUCED 








Newtons I (Pounds) 
-=?- 
Newtons I (Pounds) Newtons I (Pounds 
CYCLE #I 
CYCLE 12 
Newtons I (Pounds Yewtons 1 (Pounds) 




CYCLE C2 r CYCLE 12 -r CYCLE 1 2  1 CYCLE #3 2.82 5.65 8.47 11.30 25 IT 50 IT  75 IT  100 IT  5 560 1,250 8 450 I 1,900 12 900 2,900 4 890 i,iw 7 340 1 1,650 10 680 2,400 I 
CYCLE #3 CYCLE 13 
I 












2 220 500 
4 890 1,100 
7 780 I 1,750 
12 450 2,800 
25 IT  
50 I T  
75 IT  
100 IT 
25 IT  




CYCLE #4 CYCLE #4 
T J - l  
CYCLE 114 CYCLE 14 
1- CYCLE 15 CYCLE #4 4000  900 6 670 1 1,500 10 230 2,300 , 
CYCLE US 
I CYCLE (15 I CYCLE #5 CYCLE 15 I2.82 5.65 8.47 11.30 25 IT  50 I T  75 IT  100 IT 1 780 400 6 230 1.400 4 030 I 900 $0 230 I 2;300 







25 IT  
50 IT  
75 I T  
100 IT  
1 78'3 400 
3 780 1 850 
5 780 1.300 
8 900 I 2;003 
CYCLE #10 
I
CYCLE #10 I CYCLE #ll 
I CYCLE #15 
-r 
CYCLE 110 I CYCLE fll 
I 
CYCLE 110 


















25 IT  
50 IT  
75 IT  
100 IT  
25 IT 
50 I T  
75 I T  




CYCLE 111 CYCLE #11 
I
I 
CYCLE #15 c y a E  #is 
4 450 
7 560 





25 IT  
50 I T  
75 IT  
100 IT  
13u) I 300 
NOTES * 
T * ' I T *  denotes  i n s t a l l a t i o n  torque .  
21 Bolt-nut a8aWDblj t e a t e d  i n  Skidmare-Wilhelm Torque-Tension t e s t e r .  
d i r e c t  r e a d i n g  gages on tester. 
T e n s i l e  clamp load  determined from 
4 01 
TABLE NO. V J 21 
RESULTS OP 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
















































DESIGN CLbW LMD: 39 010 Newtons ( 8,770 Pounds) 
Nut Part  No.: RH52LH3324-064 
Nut Material:  STEEL, HEAT TREATED 
Washer Part  No.: A~960-616 
TEST CONDITION: 
Bolt Part  No.: NAS 1106-18 
Thread Size :  3/8-24 u ~ p - 3 ~  
Bolt Mater ie l :  8740 STBBL Nut F in ish :  DRY FILM LUBE OVER CADXIUM PLATE 
Bolt Fmish:CADWIM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion :  NAS 1103 TRRU NAS 1120 STANDARD Hole S i r e :  9.627 rmn ( 0.379 in.) 
TORQUE PBCH BOLT aEAD 
SPECIMEN NO. SPECIMEN NO.R-TZ77 1 SPECIMEN NO.R-TZ78 I SPECIMEN NO.R-TZ79 1 SPEClMEN NO. 
Newtons I (Pounds) 
Ll INDUCED CWLMP LOAD 
CYCLE #1 11 CYCLE #I I CYCLE 21 
I TO1 lE 
( i n - l b f )  Newtons I (Pounds) 11 Newtons I (Pounds) 
I II I II I 
75 IT 
150 IT 
225 I T  
300 I T  
I T  
75 I T  
150 IT 
225 IT 
300 I T  
IT 
1 6 890 1 1,550 I 7 560 1 1,700 I 6 230 1 1,400 
14 230 3,200 15 570 3,500 13 120 2,950 
21 570 4,850 20 910 4,700 19 570 4.400 
27 360 6,150 26 690 6,000 25 240 5,450 
75 IT 1 6 230 I 1,400 I 7 120 I 1,600 I 5 780 1 1,300 
150 IT 13 570 3,050 1 5  350 3,450 12 230 2,750 
225 IT 20 460 4,600 23 130 5,200 19 130 4,300 
300 I T  27 130 6,100 28 690 6,450 25 350 5,700 
T T  
75 IT 6 000 1,350 6 OW 1,350 5 120 1,150 
150 IT 12 010 2,700 12 680 2,850 12 450 2,800 
225 IT 19 790 4,450 20 240 4,550 17 790 4,000 
300 IT 26 020 5,850 27 800 6,250 24 460 5,500 
IT 
11 CYCLE 16 11 CYCLE X6 1 CYCLE (16 I 11 I I1 I 
75 IT 
150 IT 11 1: 1 :% 1 1; i: 1 ::% I 1; zi 1 i::i: 
225 IT 20 020 4,500 19 570 4,400 17 350 3,900 
300 IT 25 350 5.700 27 580 6,200 23 130 5,200 
IT 
75 IT 5 780 1,300 4 230 950 4 000 900 
150 IT 11 560 10 680 2,400 10 230 2,300 
225 IT 19 570 1 17 120 I 3,850 1 5  120 3,400 
300 I T  24 020 26 240 5,900 22 680 5,100 
IT 
CYCLE 115 CYCLE #15 CYCLE #15 
75 IT 6 000 1,350 3 560 800 3 340 750 
150 IT 10 680 2,400 9 790 2,200 8 900 2,000 
225 IT 19 570 4,400 15 570 3,500 14 460 3,250 
300 IT 24 690 5.550 25 580 5,750 21 350 4,800 
IT 
'IT' denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  i n  Skidmore-Wilhelm Torque-Tension t e s t e r .  
d i r e c t  reading gage. on t e s t e r .  
Tensile clamp load determined frw 
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TABLE NO. y J 22 
RESULTS OF 15-CYCLE INWSTALLATION TORQUE-TENSION TESTS OF 
NAS 1106 SERIES SHORT THBBAD HEX W A D  ALLOY STEEL BOLTS 
TEST ClXiDITION: T ~ Q U E  pp.m DESIGN CLAnP LOAD: 39 010 Newtons ( 8,770 Pounds) 
Bolt Par t  No.: NAS 1106-18 Nut Par t  No.: NAS679A6 
Thread Size: 3/8-24 u ~ p - 3 ~  
Bolt Mater ia l :  8740 STEEL Nut F in ish :  LlRY FILM LUBE OVW CADMIUM PLATE 
Bolt  P * n i s h : c m m m  PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt SPeCiflCatlOn. NAS 1103 THRU NAS 1120 STANDARD Hole Size: 9.627 W ( 0.379 in . )  
Nut Mater ia l :  STEEL 







SPECIMEN NO.LT280 SPECIMEN NO. R-T281 SPECIELEN NOA-TZ82 SPECWN NO. SPECIMEN NO. 



































75 IT 1 7 340 1 1.650 1 8 450 1 1,900 I 6 670 1 1,500 150 IT 14 230 3,200 17 120 3,850 14 460 3,250 225 IT 20 020 4,500 24 020 5,400 22 020 4,950 300 IT 26 020 5.850 32 920 7,400 28 910 6,500 
I, I U I I1 I 
CYCLE 12 1 CYCLE 112 11 CYCLE #2 
75 IT I 8 010 I 1.800 N 8 450 I 1.900 I 6 670 I 
II I I II I 
CYCLE X3 n CYCLE 13 CYCLE 1 3  
I I1 I n I 
75 IT 7 560 1,700 6 230 1,400 8 010 1,800 
150 IT 16 240 
225 IT 11 23 130 1 i::;: I $ % I ::% I :: % 1 2:::: 
300 I T  27 360 6.150 26 240 5,900 27 UO 6,100 
I I 
I CYCLE 14 CYCLE 14 CYCLE #4 
75 IT 6 230 1.400 6 670 1,500 8 230 1,850 
150 IT 1 5  570 3,500 1 3  790 3,100 1 3  790 3,100 
225 IT 23 130 5,200 19 130 4.300 20 240 4,550 
300 IT 27 130 6,100 26 910 6,050 27 580 6,200 
II I II I It I 
CYCLE 1 5  11 CYCLE I 5  11 CYCLE 1 5  
I R I I I 
75 IT 
150 IT 11 1: ::: 1 :::% I 1; zi: I ::::: I 1: i: 1 i:: 
225 IT 22 020 4,950 17 120 3,850 19 570 4,400 
3W I T  26 690 6,000 25 580 5,750 27 360 6,150 
11 CYCLE 1.10 11 CYCLE X10 
800 4 000 900 ti 610 1 050 
I I II I 
I I I I/ I 
CYCLE 111 11 CYCLE #11 11 CYCLE Y 1 1  
75 IT 
150 IT 11 % I 1.g I % 1 1,;: I % 1 225 IT 11 790 2,650 13 340 3,000 1 5  790 3,550 300 IT 19 350 4,350 20 020 4,5W 22 240 5,000 
'IT' denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly tea ted  i n  Skidnore-Wilhelm Torque-Teneion t e s t e r .  
d i r e c t  reading gage. on t e a t e r .  
Tensile clamp load determined from 
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TABLE NO. V J 23 
RESULTS OF 15-CICLE INSTALLATION TORQLIE-TENSION TESTS OF 
NAS 1108 SgBIES SHOm T A I O  HEX RPAD ALLOY STEEL BOLTS 
TEST CONDITION: TORQUB FUY NWI DESIGN CLAMP LMD: 71 080 Newton. ( 15.980 Pounds) 
Bolt Part  No.: NAS 1108-5Ow Nut Part  No.: H14-8 
Thread Size: 1/2-20 m-u Nut Mater ia l :  ALLOY STEEL, HEAT TREATED 
Bolt Mater ia l :  8740 STEEL 
Bolt F in ish :  -UM PLATE, e-P-416, TYPE I, CLASS 3 
Nut F in ish :  
Washer Part  No.: AN960-816 
DRY FILM LUBE OVER CADnILM PLATE 




















































300 I T  13 790 
600 IT 26 240 
900 I T  45 370 
1203 I T  53 380 
1500 IT  62 720 
300 I T  14 680 
6 M  I T  25 800 
900 I T  44 480 
1200 I T  55 160 
1500 I T  63 160 
CYCLE 
300 I T  12 450 
603 I T  25 800 
900 I T  42 260 
1200 IT  
1500 I T  62 270 l%c:E 
300 I T  9 790 
600 I T  11 18 680 
1500 I T  53 380 + 
1500 rr 11 49 820 
1 1,900 I 8 450 I 8 900 1 2,000 
19 130 4,300 22 240 5,000 
8.600 31 140 7,000 36 030 8,100 
11,400 41 370 9,300 48 040 10,800 
14,400 53 380 12,000 61 380 13,800 
14,100 11 44 480 1 l0;000 11 33 140 
11 CYCLE #5 11 CYCLE 



















11 CYCLE 86 11 CYCLE #6 
2,800 I 2 670 I ,,Z 1 4 450 1 ;I, 
5.800 15 120 3,400 12 450 2,800 
9,500 23 130 22 240 
12,200 32 OS0 7,200 29 800 6,700 
14,000 40 920 3,200 36 470 8 200 
0 1 CYCLE #10 11 CYCLE #10 
I1 I I1 I 1 1; t:: I ; : 8  11 1; iz: I 2,500 800 
7,000 24 460 19 570 4.400 
10,400 30 250 6 800 27 130 6 ; l W  
12.000 11 34 690 I 7i800 11 32 920 1 7.400 
2,200 4 450 1,000 4 000 900 
5,000 9 790 2,200 11 560 2,600 
8,000 16 460 3,100 20 020 4,500 
10,000 31 580 7,100 27 130 6,100 
12,000 40 480 9,100 33 800 7,600 
5 CYCLE Y15 CYCLE #15 
1,500 GALLING 2 670 600 
4,200 15TH CYUE 7 120 1,600 
6,200 17 350 3,900 
9,200 24 460 5.500 
11,200 27 580 6,200 
'IT' denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  i n  Skiare-Wilhe lm Torque-Tension t e s t e r .  
d i r e c t  reading gages on t e s t e r .  




TABLE NO. V J 24 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TlarSION TESTS OF 
NAS 1108 SBRIgS SHOBT TBREAD HEX HEkD ALLOY STEEL BOLTS 
DESION Mne LCMD: 7 1  080 Newtons ( 15,980 Pounds) TEST CCFIDITION: ToaguB pRDM NUT 
Bolt Par t  NO.: NAS 1108-50W Nut Par t  No. : NAS679A8 
Thread Size: 1/2-20 m-u Nut Mater ia l :  STEEL. 
Bolt  Mater ia l :  8740 STEEL Nnt Finish: DRY FILM LUBE OVER CAEXIUM PLATE 
Bolt  Finisha2.4rMIm PWLTB, 69-p-416, TYPE I, CLASS 3 Washer Per t  No.: AN960416 
Bolt  SpecificatLon: NAS 1103 Tmu NAS 1120 STANDARD Hale Sine: 12.827 m ( 0.505 in.) 
SPECIMEN NO. 
T o R ~ l ~  , , 1 SPECMEN N0.R-T286 1 SPECIMEN N0.R-T287 I SPECWN N0.R-T288 I SPECWN NO. INDUCED CLAW LOAD 
33.90 300 I T  15  570 3,500 
67.79 600 I T  34 690 7,800 
101.69 900 IT 51 150 11,500 
122.62 1080 IT 66 720 15,000 
CYCLE $2 
I 
33.901 300 IT 11 13 340 1 3,000 
67.79 600 IT 32 470 7,300 
101.69 900 IT 52 930 11,900 
122.62 1080 IT 68 500 15,400 
I I I  I 
I 
CYCLE C3 
33.90 300 I T  11 560 2,600 
67.79 600 IT  25 800 5,800 
122.62 1080 IT 57 820 13,M)o 
101.69 900 IT 40 920 9,200 I I! I 
CYCLE #4 
CYCLE 1 5  
I II I u CYCLE 111 
33.901 300 IT 1 6 670 1 1,500 
67.79 600 IT 16  900 3,800 
101.69 900 IT  26 690 6,000 
122.62 1080 IT  36 470 8,200 
Newtons I (Pounds) 11 Newtons I (Pounds) I Newtons I (Pounds) I Newtons I [Pounds) 
CYCLE 115 
33.90 300 IT  9 790 2,200 
101.69 900 IT 26 690 6,000 
122.62 1080 IT 34 250 
vlnt denotes i n s t a l l a t i o n  torque. 
21 ~ ~ l t - ~ ~ ~  assembly tested i n  Skidmore-Wilhelm Torque-Tension t e n t e r .  Tens i le  C l a w  1-d d e t e d n e d  from - d i r e c t  reading  gages on t e s t e r .  
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TABLE NO. V J 25 
RESULTS OF 15-CYCLE INSTALUATION TORQUE-TKNSION TBSTS OF 
NAS 1104 SERIES SHORT THREAD HEX HEAD ALLOY STEEL BOLTS 
TEST UXDITION: TORQUE FXM NUT DBSIGN CUHP LOAD: 16 100 Newton8 ( 3,620 Pounds) 
Bolt Part No.: NILS 1104-12 Nut Par t  No. : RM52LH3324-048 
Thread Size: 1/4-28 m-u Nut Material:  STEB, HEAT TREATED 
Bolt Mater ia l :  8740 STEB Nut F i n i s h :  DRY FILM LUBE OVER CALPIIUM PLATE 
Bolt  F i n t S h : U I U H  PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion :  WS 1103 THRU NAS 1120 STANDARD Hole S i z e :  6.452 nm ( 0.254 i n . )  
Washer P a r t  NO. : AN960-416 











































50 I T  
75 IT 










11 700 2,630 





CYCLE 1 5  
25 I T  530 
50 I T  11 i i!: 1 1,360 
75 I T  10 050 2,260 
110 IT 1 6  010 3,600 
25 I T  1- 
;; 2 I/ 9’:”,” 1 ;g: 
110 I T  15 430 3,470 
II I 
CYCLE #11 






10 010 2,250 
16 190 3,640 
CYCLE #10 v 
2 000 450 
5 340 1.200 
9 070 1 2,040 





1 690 I 380 
4 450 1,000 
8 500 I 1,910 
12 850 2,890 
NP LOAD 
Newtons (Pounds) Newtons (Pounds) Newtons (Pounds) 
1 1 1 n 1 
CYCLE #1 I CYCLE #1 11 CYCLE I1 
2 400 I 540 
6 670 1 ::50: 


















Bolt-nut assembly t e s t e d  i n  LEC Force Washer. Tensile clamp load determined frm RBI S t r a i n  Indica tor .  
TABLE NO. V J 26 
RESULTS OF 15-CYCLB INSTALLATION TOB.QUE-TBNSICi4 TESTS OB 
NAS 1104 SBPJSS SHORT THREAD HEX RedD ALLOY STEEL BOLTS 
DBSIm CLAELP LMD: 16 100 Newton# ( 3,620 Pounds) TEST c0M)ITION: TORQUE Film NVP 
Bolt Part  No.: WS 1104-12 Nut Part  No.: F52LH3324-048 
Thread Size: 1/4-28 m-3~ Nut Mater ia l :  STEEL, HEAT TREATED 
Bolt Mater ia l :  8740 S T m  Nut F in ish :  wUmILIl4 PLATE, QQ-PA416, TYPE 11, CLASS 3 
Bolt F in ish :  CAIMIIM PLATE, 99-P-416. TYPE 11, CLASS 3 
Bolt Spec i f ica t ion .  WS 1103 TmU NAS 1120 STANDIW, Hole Size: 6.452 mm ( 0.254 i n . )  
Washer Par t  No. : AN960-416 
V t m a  denotes i n s t a l l a t i o n  torque. 
3 Bolt-nut assembly t e s t e d  i n  LBC Force Washer. Tensile clamp load determined from 881 S t r a i n  Indica tor .  
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TABLE NO. V J 27 
BBSULTS OF 15-CYCLE INSTAILATION TORQUE-TENSION TESTS OF 
NAS 1104 SERIES SHORTH THREAD HEX HEAD ALLOY STEEL BOLTS 
TEST CONDITION: TORQUE p ~ m   DESIGN CLmP LOAD: 16 loo Newton# ( 3,620 Pounds) 
Thread Sire: 1/4-28 W - 3 A  Nut ?laterial:  STEEL 
Bolt Mater ia l :  8740 STB~L Nut Finish: DRY FILM LUBE OVER ULOnIUM PLATE 
Bolt  F i n i 8 h : m m  PLATE, 99-P-416, TYPE 11, CLASS 3 
Bolt Specification. NAS 1103 THRU NAS 1120 STANDARD Hole Sine: 6.452 mm ( 0.254 in.) 
Bolt Part  No. : NAS 1104-12 Nut Par t  NO. : NAS679A4 













































( i n - l b f )  Newtons I (Pounds) I Newtons 
CYCLE #1 1 CYCLE 
I 
25 IT 850 190 1 020 
50 IT 4 490 1,010 4 490 
75 IT 9 740 2,190 9 740 
lo0  IT 13 660 3,070 14 280 
CYCLE I 2  1 CYCLE 
I n 
CYCLE 1 3  CYCLE 
25 IT 980 220 1 290 
50 IT 4 090 920 4 670 
75 IT 8 540 1,920 8 180 
100 I T  12 850 2,890 12 590 
CYCLE #4 CYCLE 
25 IT 980 220 1 160 
50 IT 3 740 840 3 960 
75 IT 8 140 1,830 8 140 
100 IT 12 770 2.870 12 990 
I1 I II 
CYCLE $5 11 CYCLE 
230 n I 200 
II 1 
I ! CYCLE 13 
290 1 070 240 
CYCLE #5 
3 560 
CYCLE #6 CYCLE #6 CYCLE 16 
11 160 2,510 11 430 2,570 1 0  900 2,450 












.oo I T  
I II I 1 
Newtons I (Pounds) 0 Newtons 1 (Pounds) 
CYCLE #I n CYCLE c1 
1 II 1 
CYCLE C2 CYCLE I 2  
8 900 2.000 
12 850 2,890 
CYCLE 63 CYCLE 6 3  
U 1 
CYCLE #4 I CYCLE #4 
1 R 
II 
CYCLE d l 0  CYCLE #IO 
1 n 1 
1,640 
11 300 2,540 
CYCLE 111 CYCLE #11 
800 180 
3 420 770 
7 120 1,600 
10 990 2,470 
CYCLE 115 CYCLE #15 
800 180 
3 250 730 
6 270 1,410 
9 430 2,120 
v * I T *  denote. i l u t a l l a t i o n  torque. a Bolt-nut assembly t e s t e d  i n  LEC Force Washer. Tensile clamp l M d  determined from BBI S t r a i n  Indica tor .  
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TABLE NO. V J 28 
TEST CONDITION: TmqUE PRCM m 
Bolt Par t  No. : NAS 1108-50w 
Thread Size :  112-20 w-3~ 
Bolt Mater ia l :  8740 STEEL 
Bolt F in ish :  CADMIUM PLATB, qq-P-416, TYPE 1, CLASS 3 
Bolt Spec i f ica t ion :  NAS 1103 TNRU NAS 1120 STANDARD 
DESIGN Mllp LOM: 71 080 Newtons ( 15,980 Pounds) 
Nut Par t  No. : H14-8 
Nut Material:  
Nut F in ish :  DRY FILM LUBE OVER CALMIUM PLATE 
Washer Part  No. : AN960-816 
Hole Size: 12.827 m ( 0.505 in . )  
ALLOY STEEL, HXAT TREATED 
33.901 300 IT 1 4; ; I ::;l; I 1 0  190 2.290 
67.79 600 IT 24 910 5,600 22 150 4,980 
101.69 900 IT 39 680 8,920 
135.58 1200 I T  61 250 13,770 58 540 13,160 
169.48 1500 I T  73 660 16,560 74 330 16 710 
CYCLE 86 
33.90 300 I T  
67.79 600 IT 
101.69 900 IT 
135.58 1200 IT 
169.48 1500 IT 
33.90 300 I T  
67.79 600 IT 
101.69 900 IT 
135.58 1200 IT 








169.48 15M) I T  68 050 
67.79 600 I T  18 410 
101.69 900 IT 30 020 
135.58 1200 I T  48 570 
169.48 1500 IT 61 250 
2,270 9 700 2,180 
5,490 22 330 5,020 
9,250 38 160 8,580 
12,970 56 360 12,670 
,l6,3W ~ 71 790 1 16,140 
1.940 8 980 2,020 
4,390 23 170 5,210 
8,480 38 210 8,590 
12,600 52 040 11,700 
15,400 69 740 15,680 
CYCLE 110 
CYCLE 111 
1 8 540 I 1,840 1,920 
4,140 21 750 4,890 
6,750 35 940 8,080 
10.920 48 130 10,820 
13,770 66 810 15.020 
SPECIMEN NO. SPECIMEN N08-T303 SPECIMEN NO. 
24 060 
Uewtons I (Pounds) 
CYCLE I1 I CYCLE 112 
CYCLE 1 3  L 
CYCLE #4 
CYCLE #5 




1 CYCLE (11 
7- CYCLE #15 
T * I T B  denotes i n i t # l l a t i o n  torque. 
z/ Bolt-nut assembly t en ted  in LEC+mce Wnsher. Tensile clamp load determined from RBI S t r a i n  Indica tor .  
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TABLE NO. V J 29 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
NAS 1108 SBRIBS SHORT W F A D  RBX HBAD ALLOY S T m  BOLTS 
TEST COITION:  TORQUE ~ R M  ~ v p  DESIGN a m p  LOAD: 71 080 Newton. ( 15,980 Pounds) 
Bol t  Pert No.: NILS 1108-5ow Nut P a r t  No. : NAS679A8 
Thread Size: 1/2-20 m-3~ Nut M a t e r i e l :  STEEL 
Bol t  Material: 8740 STEEL Nut F i n i s h :  DRY FILM LWE OVER CADMIUM PLATE 
Bol t  F in ish :cAmnm PLATE, QQ-P-416, TYPB I, CLASS 3 
Bolt S p e c i f i c a t i o n :  NAS 1103 m u  NAS 1120 STANDARD  ole Sire: 12.827 m ( 0.505 in.) 
Washer P a r t  NO. : AN960416 
33.90 300 IT  
67.79 600 IT  
101.69 900 I T  
122.02 1080 IT 
33.90 300 IT  
67.79 600 IT  
101.69 900 IT  
122.02 1080 IT  
I 
33.90 300 IT  
67.79 600 IT  
101.69 900 IT 
122.02 1080 IT  
33.90 300 IT 
67.79 600 IT 
101.69 900 IT  t122.02 1080 IT  
33.90 300 IT  
67.79 600 IT  
101.69 900 IT  
122.02 1080 IT  
I 
33.90 300 IT  
67.79 600 I T  
101.69 900 IT  
122.02 1080 I T  
 
33.90 300 IT  
67.79 600 I T  
101.69 900 I T  
122.02 1080 I T  
SPECIMEN NO.R-T304 
Newtons 1 (Pounds 
18 240 4.100 
40 570 9,120 
62 670 14,090 
70 990 15,960 
CYCLE 13 
13 430 I 3.020 
30 160 61780 
51 240 11,520 












CYCLE $6  
10 850 2,440 
27 800 6,250 
46 880 10.540 
57 250 12,870 
 
26 070 5,860 
44 390 9,980 -r64 140 14,420 CYCLE #10 
SPECIPEN N0.R-T305 SPECIMEN N0.R-T305 SPECIMEN NO. SPECIMEN NO. 
INDUCED C W  LOAD 
Newtons I (Pounds) I Newtons I (Pounds 
CYCLE #I 1 CYCLE I1 
I n I 
CYCLE #2 II CYCLE #2 
I 
12 770 2,870 15 700 3.530 
30 820 I 6,930 136 430 I 8.190 
50 220 11.290 55 780 12.540 
61 250 13;770 66 850 15;030 
CYCLE #3 CYCLE C3 
10 900 2,450 14 540 3,270 
28 600 6,430 34 610 7,780 
46 930 10,550 50 750 11,410 
59 200 13,310 63 430 14,260 
CYUE #4 CYCLE 14 
10 140 2,280 11 790 2,650 
26 600 5,980 28 730 6,460 
44 880 10,090 46 570 10,470 
57 960 13,030 59 250 13,320 
I II I 
CYCLE 65 11 CYCLE 65 



























5 11 CYCLE #15 
9;s90 11 45 010 I 10;120 
Newtons I (Pounds 
CYCLE #l 
CYCLE 12 I 
CYCLE 63 I CYCLE #4 
CYCLE 115 -r 
CYCLE #6 7 CYCLE #IO 
I CYUE 211 
I CYCLE #15 






CYCLE 1 5  
CYCLE C6 
I 
 CYCLE C10 
I 




T * ' I T @  denotes  imtsl lat ion to rque .  
21 Bolt-nut aasembly t e s t e d  i n  LBC Force  Waaher. T e n s i l e  clamp l c u d  determined from BBI Strain I n d i e s t o r .  
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TABLE NO. V K 1 
RESULTS OF 15-CYCLE INSTALLATION TcwpW-TENSION TESTS OF 
PUS 1104 SERIES SHORT THREAD HEX fIBu) ALLOY STEEL BOLTS WITH NEW 
NVlS S I I B S T ~ B D  AT 6TU CYCLE 
TEST CONDITION: V3RQUB FRM NVl DBSICN CLAMP UIAD: 16 100 Newtons ( 3,620 Pounds) 
Bolt Par t  No.: NAS 1104-12 
Thread Size: 1/4-28 ut@-% Nut Material:  STEEL, HEAT TREATED 
Bolt Mater ia l :  8740 STEEL Nut F in ish :  DRY FILM LUBE OVER CMlMIUM PLATE 
Bolt Finish:CAlMlM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt SpecificatLon: PUS 1103 THRU NAS 1120 STAMURD Hole Size: 6.452 m ( 0.254 in . )  
Nut Par t  No. : nMS2LH3324-048 








(in-lbf) Newtons (Pounds) 
CY LE #1 
50 I T  6 490 1,460 
75 IT 10 350 2,330 









II I 11 CYCLE #15 
I1 I 
INDUCED CLAMP LOAD 
Newtons I (Pounds) Newton8 1 (Pounds)I Newtons I (Pounds) A Newtons 1 (Pounds) 
CYCLE #I CYCLE #I I CYCLE # l  11 CYCLE #I 
I I I I n 
2 a90 
6 410 I 1,; 1 % I 1,: I 1 I 1 1 10 630 2.390 10 540 2,370 16 720 3,760 16 410 3,630 
I II I n I U I 
I II I H I II I 
CYCLE 111 I/ CYCLE 211 11 CYCLE #11 1) CYCLE 111 
2 670 I 600 2 270 510 5 960 1,340 5 160 1,160 1 5  030 3,380 1 3  030 2,930 9 300 2,090 8 010 1,800 
CYCLE 115 CYCLE #15 CYCLE #15 CYCLE #15 
2 180 490 2 050 460 
‘IT‘ denotes i n s t a l l a t i o n  torque. 
Bolt-nut e l s e a b l y  t e s t e d  in Transducer Controls load c e l l .  
frm Hoseley Autograf Recorder. 
Tensile clamp load determined from X-Y curve 
TABLE NO. v K 2 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
NAS 1104 SWIBS SHOW T W  HEX HEAD ALLOY STEEL BOLTS WITH NEW 
m S  SIJ3STITVIED AT llTH CYCLE 
TEST CCNDITJON: p ~ m  DESIGN CJ.AMP LOAD: 16 1w Newton8 ( 3,620 Pounds) 
Bolt Part NO.: NAS 1104-12 Nut P a r t  No.: RM52LH3324-048 
Thread Size: 1/4-28 m-u Nut Material:  STEm., ~T TRBATED 
Bolt Mater ia l :  8740 STEEL Nut Finish: DRY FILM LUBE OVER CAIMIUN PLATE 
Bolt  Finish: m.mm PLATE, QQ-P-416, TYDE 11, CLASS 3 
Bolt Specification: NAS 1103 THRU NAS 1120 STANDARD Hole Size: 6.452 mm ( 0.254 in.) 
Washer Part  No.: A~960-416 
NrnBS. 
T . ' I T '  denotes i n e t a l l a t i o n  torque. 
9 Bolt-nut assembly t e s t e d  in Tronducer Controls load c e l l .  
frm noseley Autograf Recorder. 
Tensile clamp load determined from X-Y curve 
41 2 
TABLE NO. V K 3 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
WAS 1104 SERIES SHORT TXRBAD HDX HEAD ALLOY STBEL BOLTS WITH NEW 
NUl'S SUBSTmUTED AT 6TH CYCLE 
TEST CONDITION: TOWWE FROM NUI DESIGN -LOAD: 16 100 Newtons ( 3,620 Pounds) 
Bolt Part N o . :  NAS 1104-12 Nut Part No. : F52LH3324-048 
Thread Size: 1/4-28 m-3~ Nut Material: STEEL, HEAT TREATED 
Bolt Material: 8740 STEEL Nut Finish: DRY FILM LUBE OVER CAMIUM PLATE 
Bolt Finish: CADMIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Specification. NAS 1103 THRU NAS 1120 STANDARD  ole S i z e :  6.452 om (0.254 in.) 










































'IT' denotes inntellation torque. 
Bolt-nut ansembly tested in Transducer Controls load cell. 
frm Hoseley Autogref Recorder. 






TABLE NO. V K 4 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TEST OF 
NAS 1104 SERIFS SIIoI(T TBBPJD Hpx HeAD ALLOY STBeL BOLTS WITE NEW 
NUl'S SWSTI"ED AT 11TH CYCLE 
TEST CONDITION: TORQUE FRM Nvr DESIGN MMP LOAD: 16 100 Newtons ( 3,620 Pounds) 
Bolt Par t  No. : NAS 1104-12 Nut Par t  No. : F52LH3324-048 
Thread Size: 1/4-28 u ~ p - 3 ~  Nut Mater ie l :  STEEL, HEAT TREATED 
Bolt Macerial: 8740 STEEL Nut F in ish :  DRY FILM LUBE OVER CADMIUH PLATE 
Bolt  Finish:CAmm PLATE, W-P-416, TYPE 11, CLASS 3 
Bolt  Spec i f ica t ion :  NAS 1103 Tl!RU NAS 1120 STANDARD Hole Size: 6.452 m ( 0.254 in.) 












































: in - lbf )  = 
25 IT 
50 I T  
75 I T  
I15 I T  
25 I T  
50 I T  
75 IT 
115 I T  
25 I T  
50 I T  
75 IT 
115 IT 
25 I T  
50 IT 
75 I T  
115 I T  
25 I T  
50 I T  
75 I T  











50 I T  
75 IT 
115 I T  
- 
25 I T  
50 IT 
75 IT 
115 I T  
SPECIMEN NO. SPECIMEN N0.R-T315 SPECIMEN N0.R-T316 SPECIMEN NO.R-T317 SPECIMEN NO. 
INDUCED C W  LOAD 
1 910 1 430 I 1 910 1 430 1 2 050 1 460 1 ' 1 4 450 1,000 4 980 1,120 4 850 1,090 7 070 1,590 8 140 1,830 7 610 1,710 I 5  920 3,580 16 410 3,690 16 640 3,740 
1 910 1 430 I 1 870 1 420 1 1 870 I 420 I 4 670 1,053 4 940 1,110 4 670 1,050 7 120 1,600 7 920 1,780 7 520 1,690 15 570 3,500 16 280 3,660 15 880 3,570 1 I I1 I II I II 
CYCLE 1 5  11 CYCLE 15 11 CYCLE #5 11 CYCLE #5 
I 
1 870 1 420 I 1 780 I 400 I 1 910 [ 430 I 1 540 1,020 4 630 1,040 4 760 1,070 6 940 1,560 7 650 1,720 7 430 1,670 15 570 3,500 15 350 3,450 14 990 3,370 1 
2 360 530 3 200 720 2 940 660 
5 290 1 :::ll 6 580 I 1,480 5 920 1,330 9 560 2,150 10 810 2,430 9 960 2,240 17 44  18 500 4,160 17 660 3,970 
CYCLE 115 CYCLE #15 CYCLE #15 CYCLE #15 
2 090 470 2 270 510 2 490 560 
5 070 1,140 5 650 1,270 5 650 1,270 
8 540 1,920 9 070 2.040 9 030 2,030 
16 770 3,770 18 240 4,100 16 680 3,750 
NOTES. 
-ii-"IT* denote. inatell . t ion torque. 
zt Bol t -mt  assembly tested in Transducer Conerole l a d  c e l l .  
f r m  Noseley Autograf Becorder. 
Tensile clamp load determined from X-Y fume 
TABLE NO. V K 5 
RESULTS OF 15-CYCLE INSTALLATION TORQDE-TENSION TESTS OF 
NAS 1104 SgRIBS SHORT THREAD HEX HF%D ALLOY STEEL BOLTS WITH NEW 
m S  SUBSTITWED AS 6TH CYCLE 
TEST CONDITION: TWQW pI(M 
Bolt Part  No.: NAS 11W-12 
DESIGN CLILW LMD: 16 100 Nevtone ( 3,620 Pounds) 
Nut Part  No. : NAS679A4 
Thread Sire: 1/4-28 m-x Nut Mater ia l :  STEEL 
Bolt Mater ia l :  8740 S T m  Nut F i n i s h :  DRY FILM LUBE OVER CADXIUM PLATE 
Bolt F i n i s h :  CAmIuM PLATE, w-P-416, TYPE 11, CLASS 3 
Bolt Spec i f ica t ion :  NAS 1103 Tmu NAS 1120 STANDAF~ Hole Size: 6.452 0rm (0.254 i n . )  








































E SPECIMEN NO. SPECIMEN NO. R-T318 SPECIMEN NOR-T319 SPECWN NO. R-T320 SPECIMEN NO. 
i/ INDUCED C W  LOAD 
(in-Lbf) Newtons 1 (Pounds) Newtons I (Pounds) 1 Newtons I (Pounds) I Newtons 1 (Pounds) 1 Newtons I (Pounds) - . ~  
CYCLE #I 
1 1 1 1 II 1 
CYCLE #1 CYCLE #I 1 CYCLE #l 11 CYCLE 111 
25 IT 570 
11 
CYCLE ??3 
25 I T  
CYCLE #4 





25 IT  620 
100 I T  3,640 
CYCLE C10 
1 16 320 I 3;670 16 810 3;780 
CYCLE 12 CYCLE #2 CYCLE #2 CYCLE 12 
2 180 490 2 140 Lnn ..
6 230 1 1,400 11 6 320 1 1,420 10 190 2,290 10 230 2,300 16 010 3.600 16 590 3,730 
1 11 1 1 1 U 
CYCLE #3 11 CYCLE 63 I CYCLE #3 CYCLE 1t3 
1 11 1 U 1 1 
2 180 
6 360 I 1,;; 11 % 1 1,:; I 1 1 1 
10 140 2,280 3 920 2,230 
16 060 3,610 16 010 3,600 
NOTES * 
7 " I T '  denotes insca l lmt ion  torque. 
y Bolt-nut assembly t ea ted  in Tranaducer Controls load cell. 
f r a n  Moseley Autograf Recorder. 
Tensile c l w  load determined from X-Y curve 
415' 
TABLE NO. V K 6 
RBSULTS OF 15-CPCLE INSTALLATION TORQUE-TENSION TESTS OF 
NAS 1104 SERIES SHORTH THREAD €EX HEAD ALLOY STEEL BOLTS WITH N E W  
NUTS SUBSTITUTED AT 11TH CYCLE 
DESIGN M LOAD: 16 100 Weutmn. (3,620 Pounds) TEST CONDITION: T O R Q ~  mm m 
B o l t  Part  No. : N4s 1104-12 Nut Part  No.:  NAS679A4 
Thread Size: 1/4-28 u ~ p - 3 ~  Nut Mater ia l :  STEEL 
B o l t  M a t e r i a l :  8740 STEEL Nut Finish: DRY FILM LUBE OVER CADMUM PLATE 
Bolt Finish: CADMIUM PLATE, Q9-P-416, TYPE 11, CLASS 3 Washer Part  No. : AN960-416 











































7 ‘IT‘ denotes i n s t a l l a t i w  torque.  
Bolt-nut assembly teated in Transducer Contro l s  load ce l l .  
frm Hoeeley Autograf  Becmder. 
Tenaile clamp load determined f r w  x-Y eume 
416 
I ’  
TABLE NO. V K 7 
BBSULTS OF 15-CYGLE INSTALLATIOW TORQU!Z-TE%ION TESTS OF 
IUS 1106 SERIES S H W  T W  HEX HBhD ALLOY STEEL BOLTS WITH NEW 
NUI'S SUBSTITLFZBD AT 6TB CYUE 
TEST CONDITION: TORQUE PI(m DESIGN CUNP LOAD: 39 010 Newtons ( 8,770 Pounds) 
Bolt  Part  No.: NAS 1106-37 Nut Part  NO.: W2LH3324-064 
Thread Size: 3/8-24 m-3~ Nut Mater ie l :  STEa HHAT TREATED 
Bolt  Mater ia l :  8740 STEEL Nut F in ish :  DRY FIU4 LUSE OVW CADMIUM PLATE 
Bolt F in ish :  CADUIDM PLATE, QQ-P-416, TYPE 11, CUSS 3 
Bolt S p e c l f l c a t m n .  NAS 1103 TKRU NAS 1120 STANDABB Hole Size: 9,627 m ( 0.379 i n . )  
Washer Part  No.: AN960-616 
75 IT 3 740 840 
150 IT 12 280 2,760 
225 I T  22 680 5,100 
300 I T  34 160 7,680 
IT 
CYCLE 12 
75 I T  
150 IT I( l:;? I i::;: 
225 IT 26 950 6.060 
300 IT 
IT 




300 IT 33 980 7;640 
75 I T  6 890 1,550 
150 I T  16 280 3,660 
225 I T  24 510 5,510 

















75 I T  8 140 
150 I T  11 18 550 
225 IT 27 400 




8,140 *CYCLE C11 
lii I 8 940 2,010 
19 130 4,300 
225 I T  26 910 6,050 
300 IT 35 850 8,060 
CYUE #15 
CYCLE 23 CYCLE #3 CYCLE #3 CYCLE 03 
1,870 8 500 1,910 7 340 1,650 
3,920 18 590 4,180 16 460 3,700 
5,850 27 400 6,160 24 600 5,530 
34 920 35 540 7,990 33 800 7.600 7,850 1 
I 1 1 1 1 
CYCLE 14 CYCLE 114 CYCLE #4 CYCLE 04 
8 320 1,870 7 870 1,770 7 160 1,610 
1 7  390 3,910 1 7  570 3,950 16 100 3,620 
25 620 5,760 27 090 6,090 24 240 5,450 
34 740 7,810 34 380 7,730 33 580 7,550 
CYCLE C5 CYCLE #5 CYCLE #5 CYCLE #5 
8 500 1.910 7 560 1,700 7 120 1,600 
18 060 4,060 1 7  210 3,870 15 880 3,570 
27 000 6,070 25 310 5,690 24 060 5.410 
34 250 7,700 34 160 7,680 33 400 7,510 
NOTES ' 
T " I T '  denotes i n s t a l l a t i o n  torque. 
21 Bolt-nut assembly t e s t e d  i n  Transducer Control. load c e l l .  
Ind ica tor .  
Tensile clamp load determihed frm RBI S t r a i n  
417 
TABLE NO. V K 8 
RESULTS CX 15-CYCLE INSTALLATION TORQLIB-TENSION TESTS OF 
NAS 1106 SERXES SHogE m & P D  HEX Hy$D ALLOY S T m  BDLTS WITH NEW 
m S  SUBSTITWED AT llTN CYCLE 
TEST CONDITION: TORQUE pR(M m DESIGN CWMP LOAD: 39 010 Newtons ( 8,770 Pounds) 
Bolt P s r t  No. : NAS 1106-37 ~~t part N ~ .  : RM52LH3324-064 
Thread Sine: 3/8-24 u ~ p - 3 A  Nut Material:  STEEL, HEAT TREATED 
Bolt Mater ia l :  8740 STEEL Nut Finish: DRY FILM LUBE OVER CADMIUM PLATE 
Bolt Finish:CADMIUM eIATE, QQ-P-416, TWE 11, C U S S  3 
Bolt Spec i f ica t ion .  NAs 1103 THRU NAS 1120 STANDARD Hole Size: 9.627 mm ( 0.379 in.) 




















































225 I T  
IT 
300 IT 









I T  -
75 I T  
150 IT 
225 I T  
300 IT 
IT 

























PPECMEN NO. R-2328 SPECMEN NO.R-T329 SPECIHEN NO. R-T330 SPECIMEN NO. R-T331 SPECIMEN NO. 
Uewtons I (Pounds) 
INDUCED CLAMP LOAD 
Newtons I (Pounds) 11 Newtons I (Pounds) I Newtons I (Pounds) 1 Newtons I (Pounds) 
CYCLE I1 CYCLE 81 11 CYCLE #1 I CYCLE 111 n CYCLE d l  
I I1 I I I I II I 
3 200 1 720 I 3 200 I 720 I 3 470 1 780 1 3 110 1 700 I 1 11 300 2,540 12 410 2,790 12 770 2,870 10 680 2,400 20 910 4,700 22 510 5,060 23 170 5,210 20 820 4,680 30 510 6,860 33 450 7,520 33 800 7,600 33 140 7,450 
I II I II I I I II I 
I II I I 1 I n I 
CYCLE #2 I CYCLE #2 11 CYCLE #2 I CYCLE 12 11 CYCLE 12 
I II I II I II I II I 
7 120 1 1,600 I) 7 160 1 1,610 I 1,570 15 610 3,510 1 5  830 3,560 17 480 3,930 15 830 3,560 24 330 5,470 24 153 5,430 24 600 5,530 23 890 5,370 32 960 7,410 33 450 7,520 32 290 7,260 32 380 7,280 7 290 I 1,640 1 5 980 1 I 1 
CYCLE #5 11 CYCLE N5 11 CYCLE 15 11 CYCLE #5 ! CYCLE #5 
I II I II I II I II I 
          
.    ,    ,  
I I I I 
CYCLE #11 I CYCLE #11 n CYCLE 111 CYCLE 111 1 CYCLE 111 
7 520 1,690 7 210 1,620 5 570 1,500 6 760 1,520 
17 970 4,040 17 210 3,870 16 720 3.760 15 920 3,580 
28 200 6,340 26 870 6,040 27 670 6,220 25 090 5,640 
39 280 8.830 37 320 8,390 40 920 9,200 35 850 8,060 
I 
C Y a E  #15 CYCLE #15 CYCLE #15 C Y U E  #15 CYCLE X15 
I I I I I 
' IT '  denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  i n  Transducer Controls lord c e l l .  
Ind ica tor .  
Tensile clamp load determined from BBI S t r a i n  
418 
TABLE NO. v K g 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
NAS 1108 SERIES SHORT THREAD HEX BEAD ALLOY STEEL BOLTS WITH NE51 
NUB SUBSTITWED AT 6TH CYCLE 
TEST CONDITION: TORQUE FRM tiW DESIGN cuw LMD: 71 080 Newton. ( 15,980 Pounds) 
Bolt Pert  No.: NAS 1108-5Ow 
Thread S l r e :  1/2-20 m-u Nut Material:  ALLOY STEBL, HEAT TREATED 
Bolt Mater ia l :  8740 STEEL Nut F in ish :  DRY FILM LUBE OVER CADMIUM PLATE 
Bolt F in ish :  CADMIUM PLATE, 99-P-416, TYPE I, CLASS 3 
Bolt Spec i f ica t ion :  NAS 1103 m u  NAS 1120  STAND^ Hale Size: 12.827 m ( 0.505 in.) 
Nut Par t  No.: H14-8 












































( i n - l b f )  = 
300 IT 
600 IT 
900 I T  
1200 I T  
1500 I T  -
300 IT 
600 IT 
900 I T  
1200 I T  
1500 IT 
303 I T  

































1500 IT - 
SPECIMEN N0.R-T332 SPECIMEN N0.R-T333 SPECIMEN N0.R-T334 SPECMEN NO. SPECIMEN NO. 
AMI LORD 
Newtons (Pounds) I Newtons I (Pounds) i Newtons i (Pounds: Newtons (Poundr 
--Y- 
12 230 1 2 7 5 0  
25 580 5,750 
39 590 8,900 
51 330 11,540 
70 860 15,930 
I -  + 
43 810 




CYCLE 15  
CYCLE 16 
31 050 I l0:;30 47 730 
53 560 14,210 
83 890 18,860 
CYCLE 810 
42 660 9;590 





13 120 2,950 
26 290 5,910 
39 940 8,980 
52 310 11,760 
62 360 14.020 






35 580 8;OOO 
51 240 I 11,520 
CYCLE C5 
15 520 3,490 
5,630 
35 010 7,870 
49 060 11 030 
CYCLE 16 
16 370 3,680 
31 890 7,170 
$5 680 10,270 
59 710 13,200 
77 800 17,490 
CYUE 110 
'IT' denote8 i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  in Transducer Controls loed c e l l .  
Ind ica tor .  
Tensile clamp load determined from BBI S t r a i n  
TABLE NO. V K 10 
RESULTS OF 15-CICLE INSTALLATION TORQUZ-ZWISION TESTS OF 
NAS 1108 SERIES SNORT THBEIIl) NEX BBAD ALLOY STEEL BWl"l' WITB NEW 
h S  SUBSTITUTED AT llTR CYCLE 
TEST CONDITION: ToRgue FRDH Nul' DESIGN LQAD: 71 080 Newton. ( 15,980 Pounds) 
Bolt Part  No. : NAS 1108-5OW Nut Par t  NO. : 1114-8 
Thread Size: 1/2-20 m-u Nut Mater ia l :  ALLOY STEEL, HEAT TRBATED 
Bolt H s t e r i s l :  8740 m m  Nut Finish: DRY FILM LUBE OWZR CALMlM PLATE 
Bolt F in ish :  CAmIuM PLATE, 99-P-416, TYPE I, cuss 3 
Bolt SDeciflcation. NAS 1103 T m U  NAS 1120 STANMRD Hole Size: 12.827 mm ( 0.505 in.) 


















































( i n - l h f )  
300 I T  
600 I T  
909 IT 
1200 I T  




1200 I T  
1500 IT 
300 I T  





600 I T  
900 I T  
1203 IT 




1203 I T  
1500 I T  
300 IT 














300 I T  
600 IT 
900 I T  
1200 IT 
1500 IT 
SPECIMEN NO.R-T335 SPECIMEN NO.R-T336 SPECIMEN NOP-T337 SPECIMEN NO. SPECIMEN NO. 


































1 5  480 
26 070 
38 830 





































































INDUCED CLAMP LOA0 
Newrons I (Pounds)[ Newtons I (Pounds) 
I 11 1 
CYCLE ill n CYCLE #1 
CYCLE #2 11 CYCLE #2 
I 1 
7 780 1,750 7 560 1,700 
18 503 4,160 17 970 4,040 
30 290 6,810 27 930 6,280 
42 520 9,560 39 100 3.790 
63 960 14,380 56 620 12,730 
I 1 
CYCLE d4 CYCLE +4 
I 1  1 :  .  1 7 380 7 070 1,590 1,660 
16 904 3,800 1 7  040 3,833 
28 510 6,410 25 840 5.810 
40 570 9,120 37 500 8,430 
57 690 12,970 52 930 11,900 
CYCLE $5 CYCLE #5 
I 197  11 I : 00 
11 
I II 1 1 1:620 7 210 7 210 1:620 
16 530 3,730 16 150 3,630 
26 150 5,880 25 660 5,770 
38 650 8,690 37 140 8,350 
55 290 12 430 51 240 11 520 
CYCLE 16 CYCLE C6 I 6 540 7 210 1,620 1:470 
16 320 3.670 15 610 3,510 
25 620 5,760 25 000 5,620 
38 030 8,550 36 920 8,300 
53 690 12,070 49 510 11 130 
CYCLE # l o  CYCLE 110 I 5 430 1 ;:::: 6 270 1 1,410 14 010 3,150 13 880 3,120 23 530 5,290 22 950 5,160 35 450 7,970 33 09  
50 400 11,330 45 640 10,260 
CYCLE # l l  CYCLE 111 
6 140 1 1:380 I 6 630 I 
16 860 3,790 17 440 3,920 
28 200 6,340 31 310 
38 250 8,600 43 060 9,680 
59 600 13 400 63 030 14 170 
NOTES. 
T " 1 T '  denotes i n s t a l l a t i o n  torque. 
z/ Bolt-nut aasembly t e s t e d  i n  Transducer Controls load c e l l .  
Ind ica tor .  
Tens i le  clamp load determined frw BBI S t r a i n  
420 
TABLE NO. V K 11 
RESULTS OF 15-CYCLE WSTALWLTION TORQUE-TENSION TESTS OF 
N4S 1108 SERIES S H W  THREAD HEX HEAD ALLOY STEEL BOLTS WITH N E W  
NUTS SUBSTITIPPBD AT 6TH CYCLE 
TEST CONDITION: TORQUE PRM NUT DESIGN CLbnF' LORD: 71 080 Newton. ( 15,980 Pounds) 
Bolt  Par t  No.: NAS 1 1 0 8 - 5 ~  Hut Pert Ho. : nAS679A8 
Thread Size: 1/2-20 m-u Nut Mater ie l :  STEEL 
Bolt Mater ia l :  8740 S T E ~ L  Nut F in ish :  DRY FILM LUBE OVER CADMluH PLATE 
Bolt  F i n i s h : a m I m  PLATE, 9Q-P-416, TYPE I, c u s s  3 
Bolt Speci f ica t ion .  NAS 1103 THRU NAS 1120 STANDARD Hole Size: 12.827 m ( 0.505 in.) 
Washer Par t  NO.: ~ ~ 9 6 0 - 8 1 6  













Newtons I (Pounds)l  Newtons I (Pounds) I Newtons I (Pounds) r Newtons I (Pounds) 
CYCLE #1 I CYCLE #1 I CYCLE #I CYCLE f1l 

















1,860 10  140 2,280 8 540 1,920 
4,630 23 440 5,270 22 150 4,980 
7,790 37 410 8,410 35 810 8,050 




300 I T  
600 IT 
900 I T  
1080 I T  
I T  -
300 I T  
600 I T  
900 I T  
1080 I T  
IT  
300 I T  
600 IT  
900 I T  
1080 I T  
I T  -
303 IT  
603 IT 
900 I T  
1080 IT 
I T  -
300 I T  
600 IT 
900 I T  









1080 I T  
I T  
33.90 300 IT 
67.79 600 IT 
101.69 900 I T  
122.02 1080 IT 1 IT 
I I 
CYCLE #3 11 CYCLE #3 fl CYCLE 13  CYCLE 1 3  11 CYCLE 63 
I II I II I Y I I1 I 
NOTES: 
?7- ' IT '  denotes i n s t a l l a t i o n  torque. z/ Bolt-nut assembly t e s t e d  i n  Transducer Controls loed c e l l .  
Ind ica tor .  
Tens i le  clamp load determined frw RBI Strain 
TABLE NO. V K 12 
RESULTS OP 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
IUS 1108 SERIES SHORT THREAD HBX HEAD ALLOY STEEL BOLTS WITH NEW 
NUPS SUBSTITWED AT llTH CYCLE 
TEST CmJDITUm: TORQUE PRW mr DESIGN CL4m LOAD: 71 080 1Pevtona (15,980 Pounds) 
Bolt Part  No.: ws 1 1 0 8 - 5 ~  
Thread Size: 1/2-20 uNp-U Nut Mater ia l :  STEEL 
Bolt Mater ia l :  8740 STEBL Nut Finish: DRY FILM LUBE OVER CADMILIM PLATE 
Bolt Fini6h:CAlELlW PLATE, QQ-P-416, TYPE I, CLASS 3 
Bolt Spec l f ica tmn:  NAS 1103 THRU NAS 1120 STANDARD Hole S i r e :  12.827 m ( 0.505 in.) 
Nut Par t  No. : NAS679A8 
Washer Part NO.: AN960416 
SPECIMEN N0.R-T341 SPECIMEN N0.R-T342 SPECIMEN N0.R-T343 SPECIMEN NO. SPECIMEN NO. TOROUE 
1/ INDUCED 
Nm ( i n - l b f )  Newtons 1 (Pounds) 11 Newton8 I (Pounds - ~ . ~  
CYCLE 11 1 CYCLE I1 
33.90 300 I T  17 260 3,880 18 190 4,090 
67.79 600 I T  39 360 8,850 41 720 9,380 
101.69 900 IT 60 800 13,670 61 920 13,920 
122.02 1080 I T  77 930 17,520 82 420 18,530 
I T  
CYCLE 12 1 CYCLE 112 
I I 
33.90 300 I T  14 900 3,350 12 770 2,870 
67.79 600 I T  32 920 7,400 30 250 6,800 
101.69 900 I T  50 480 11,350 49 640 11,160 
122.02 1080 I T  65 650 14,760 63 380 14,250 
IT 
33.90 I 300 :: 
67.79 600 IT 32 290 23 970 
101.69 900 IT 49 370 11,100 44 210 9,940 
122.02 1080 I T  63 160 14,200 59 470 13,370 
- 
CYCLE 114 CYCLE 114 
33.90 300 IT 13 210 2,970 9 700 2,180 
lt;L:; I 600 1 // 29 980 1 6,740 I 24 240 1 5,450 9 IT 46 130 10,370 41 010 9.220 122.02 1080 IT 61 430 13,810 54 490 12,250 
1 CYCLE 16 I( CYCLE C6 
I1 1 
I I I 
m a 8  #io  1) CYCLE 110 
I I1 
2;: 1 300 IT 11 10 540 I 2,370 11 7 520 I 1,690 6  24 380 5,480 21 170 4,760 101.69 900 IT 39 230 8.820 35 760 8.040 
122.02 1080 IT 53 510 I 12;030 48 570 10;920 
IT 
CYCLE 111 I CYCLE U 1 1  
fli i3 I I 2 i: ,";J,': 1 29 670 6,670 55 730 12,530 
101.69 9001T 65 700 14,770 80 200 18,030 
122.02 1080 IT 82 960 18,650 88 870 19,980 
CYCLE U15 CYCLE 115 
MI LOAD 
Newtons 1 (Pounds 
15 700 3,530 
39 500 8,880 
62 180 13,980 
80 060 18,000 -
CYCLE 12 
CYCLE 113 - 
14 140 3,180 
32 690 7,350 
51 240 11,520 
6$ 810 14,570 
I 
CYCLE 114 
CYCLE 1 5  





















































Newtons I (Pounds 
-7- 
CYCLE 1 5  
-7- 
CYCLE 16 
7 CYCLE 110 
I CYCLE 111 
I CYCLE U15 
Newtons I (Pounds 77 
CYCLE 112 
1 





CYCLE U6 I 
-?-- I CYCLE (11 
7- CYCLE C15 
EWES. 
T a t I T '  denotes i n s t a l l a t i o n  torque. 
;I Bolt-nut assembly tes ted  i n  Transducer Controls l m d  c e l l .  
Indicator.  
Tensile clamp load determined frm RBI S t r a i n  
422 
TABLE NO. V L 1 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
NAS 1104 SERIES SRORl' TARBAD Hex HEAD ALLOY STEEL BOLTS WITH 
MIL-T-5544 L U B R I W  
DESICW CLAMP LMD: 16 100 UeeytOns ( 3,620 Pounds) TEST CONDITION: T W U E  FgoM UUl 
Bolt Part No. : WAS 1104-12 Nut Port No. : RM52LH3324-048 
Thread Size: 1!4-28 w-3 
Bolt Material: 8740 STEEL Nut Finish: DRY FILM LUBE OVER CADMIUM PLATE 
Bolt Finish: CAm4m-i PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Specification. NAS 1103 THRU NAS 1120 STANDARD  ole size: 6.452 m ( 0.254 in.) 
Nut Material: STEEL, HBAT TREATED 
Washer Part No.: AN960-416 
IT 
CYCLE 85 )I CYCLE 85 11 CYCLE #5 
2.26 20 IT 2 760 620 3 070 690 2 980 670 
4.52 40 IT 6 450 1,450 6 890 1,550 6 940 1,560 
6.78 60 IT 10 360 2,330 10 680 2,400 11 080 2,490 
9.04 80 IT 14 140 3,180 14 810 3,330 15 350 3,450 
IT 
, CYCLE #6 CYCLE 16 CYCLE 16 
2.26 20 IT 2 670 600 3 020 680 2 800 630 
4.52 1 40 :; 11 6 450 I 1,450 1 6 940 1 1,560 I 6 720 1 1,510 6.78 60 IT 10 230 2,300 10 810 2,430 10 590 2,380 9.04 80 IT 14 100 3,170 14 630 3,290 14 680 3,300 I 2 580 I 2 580 580 580 1 2 450 550 
5 830 1,310 6 090 1,370 6 000 1,350 
9 070 2,040 9 700 2,180 9 520 2,140 
12 450 2,800 13 340 3,000 13 520 3,040 
CYCLE C11 CYCLE #11 CYCLE 111 
2.26 20 IT 2 620 590 2 540 1 570 2 450 550 
4.52 40 IT 5 780 1,300 6 000 1,350 6 050 1,360 
6.78 60 IT 9 120 2,050 9 430 2,120 9 650 2,170 
9.04 80 IT 12 450 2,800 13 080 2,940 13 570 3,050 
IT 
cyazI: #15 CYCLE #15 CYCLE #15 
2.26 20 IT 2 490 560 2 450 550 2 580 580 
4.52 40 IT 5 830 1,310 5 690 1,280 6 270 1,410 
6.78 60 IT 9 210 2,070 9 070 2,040 9 920 2,230 
9.04 80 IT 12 630 2,840 12 720 2,860 13 740 3,090 
IT 
SPECIMEN NO. SPECIMEN NO. 
Newtons I (Pounds) 
CYCLE #I I CYCLE #2 




CYCLE I5 I 
CYCLE 16 
-I 
CYCLE #10 I CYCLE 111 
I CYCLE 115 
Newtons I (Pounds) 
CYCLE #I 
7 CYCLE 12 
CYCLE (13 
CYCLE #4 
CYCLE 15 I CYCLE #6 
I 
CYCLE #10 
1 CYCLE #ll 
7- CYCLE 1115 
'IT' denote. installation torque. 
fran noseley Autograf Recorder. 
Bolt-nut assembly tested in Transducer Control8 load cell. Tensile clamp load detemed tram X-Y curve 
42 3 
TABLE NO. V L 2 
RESULTS OP 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
MIL-T-5544 LUBRICAWI 
NAS 1104 SBRIES SHORT THREAD HEX HPAD ALLOY STEEL BOLTS WITH 
2 2217 500 
DESIGN CLAM2 LOAD: 16 100 Newtons ( 3,620 Pounds) TEST CCNDITION: Tow- FRoH BOLT HEAD 
Bolt Part No. : u s  1104-12 Nut Par t  No. : RH52LH3324-048 
Thread Size: 1/4-28 uNp-3A Nut Mater ia l :  STEEL, HEAT TRBATED 
Bolt F in ish :  CADMlM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Mater ia l :  8740 STEEL Nut Finish: DRY FILM LUBE OVER CADMlUM PLATE 
Washer Par t  No.: AN960-416 
Bolt SPeCificatlon. NAS 1103 THRU NAS 1120 STANLIARLl Hole S i r e :  6.452 m ( 0.254 in.) 











































, in - lbf )  
20 IT 
40 IT 
60 I T  
90 I T  
IT -
20 I T  
40 I T  




20 I T  
40 I T  
60 I T  
90 I T  
IT 
20 I T  
40 I T  
60 I T  
90 I T  
IT -
20 IT 
40 I T  
60 I T  
90 I T  
IT -
20 IT  
40 I T  
60 I T  
90 I T  
I T  
20 I T  
40 I T  
60 I T  







20 I T  
40 I T  
60 I T  
90 IT 
IT -
SPECMEN N0.R-T347 SPECIMEN N0.R-T348 SPECIMEN N0.R-T349 SPECIMEN NO. SPECIMEN NO. 
INDUCED CLAMP LOAD 




















2 670 600 
6 230 I 1,400 
9 790 2.200 
CYCLE 110 
CYCLE # l l  - 
2 220 500 
5 160 1,160 
8 270 I 1,860 
12 850 2,890 -
CYUE #15 
2 800 1 630 1 2 670 1 600 1 1 1 [ 6 450 1,450 6 270 1,410 10 230 2,300 9 870 2,220 15 790 3,550 I5 390 3,460 
I I1 I I, 
I I, I n I n I 
CYCLE #6 11 CYCLE C6 CYCLE 16 CYCLE #b 
I II I II I 
I 
CYCLE 110 11 CYCLE #IO 1 CYCLE 810 
2 360 530 2 360 530 
I II I II I II I 
CYUE 111 11 CYCLE 111 n ~ 1 1  11 CYCLE #ll 
I II I II I II I 
2 5 360 5 I 1,;;: I I 1,;: I I I I 8 670 1,950 8 360 1,880 13 570 3,050 13 120 2,950 
'IT' denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  i n  Transducer Controls load c e l l .  
f r a n  noseley Autograf Recorder. 
Tenaile clamp load determined from X-Y curve 
424 
TABLE NO. v L 3 
RESULTS OF 15-CYCLE INSTALLATION TORQm-TENSIW TESTS OF 
MIL-T-5544 L U B R I W  
NAS 1104 SWIES SHORT T W  NEX HEAD ALLOY STEEL BOLTS WITH 
TEST CONDITION: TORQUE FROM NUT DESIGN CUMP LMD: 16 100 Newtons ( 3,620 Pounds) 
Bolt Par t  No. : NAS 1104-12 Nut Par t  No. : NAS679A4 
Thread Size: 1/4-28 UNF-3A Nut Mater ia l :  STEEL 
Bolt  Mater ia l :  8740 STEEL Nut F in ish :  DRY FILM LUBE OVER CADMIUM PLATE 
Bolt  Finish: CADXIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt  Spec i f ica t ion .  NAS 1103 THRU NAS 1120 STANDARD Hole Size: 6.452 m ( 0.254 in.) 
Washer Par t  No.: AN960-416 
2.26 20 I T  
4.52 40 I T  
6.78 60 I T  
9.04 80 I T  
IT 
6.78 60 I T  
9.04 80 IT 
2.26 20 I T  
4.52 40 IT  
6.78 1 60 I T  9.04 8  IT 
2:; I :: :: 
6.78 60 I T  
40 I T  
6.78 60 I T  
9.04 80 I T  
2 26 20 I T  
4:52 I 40 I T  6.78 60 I T  9.04 8 IT  
I IT 
SPECIMEN NO. R-T350 SPECMEN NO.R-T351 SPECIMEN NO.R-T352 
Newtons I (Pounds) 


















Newtons I (Pounds1 




CYCLE #5 r 





2 800 630 
6 540 I 1,470 
10  320 2.320 
14 540 I 3;270 
w LOAD 
Newtons I (Pounds) 
 
CYCLE I 1  
CYCLE #2 
SPECIMEN NO. SPECIMEN NO. 
Newtons (Pounds) Newtons (Pounds) 
CYCLE I1 CYCLE # l  
CYCLE #2 CYCLE #2 
NmBS- 
T O ' I T '  denote. i n s t a l l a t i o n  torque. 
9 Bolt-nut assembly t e a t e d  in Transducer Controls larrd c e l l .  
f r m  Moseley Autograf Recorder. 
Tens i le  clamp load determined from X-Y curve 
425 ' 
TABLE NO. V L 4 
RBSULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
MIL-T-5544 LUBRICANl 
l3AS 1104 SERIES SHORT THRBhD HEX HEAD ALLOY STEEL BOLTS WITH 
TEST U3JDITION: TOR~UE BOLT DBSICN CLAW LOAD: 16  100 Newtons ( 3,620 Pounds) 
Bolt  Par t  No. : u s  1104-12 kt Par t  No. : ~ ~ ~ 6 7 9 ~ 4  
Thread Size: 1/4-28 m-y, 
Bolt  N a t e r i a l :  8740 STEEL Nut Finish: DRY FILM LWE OVER CADMIUM PLATE 
Bolt  F in ish :  CAmam4 PLATE, 99-P-416, TYPE 11, CLASS 3 
Bolt  Specification. NAS 1103 THXU NAS 1120 STANDARD Hole s i z e :  6.452 m ( 0.254 in.) 
Nut Mater ia l :  STEEL 





















20 IT 11 3 020 I 680 
90 I T  3,650 
I I I 
CYCLE #3 CYCLE 113 CYCLE #3 CYCLE 43 
, 
CYCLE #4 
2.26 20 I T  
4 52 40 IT 
6:78 1 60 IT  




CYCLE #I5 CYCLE #15 CYCLE 115 CYCLE #15 
2 540 570 2 490 560 
6 000 1,350 5 690 1,280 
9 340 2,100 9 030 2,030 
14  680 3,300 14  460 3,250 
'IT' denotes i n a t a l l a t i o n  torque. 
f r m  Moseley Autograf Peeorder. 






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































- - _  - -  - -  
fib L U  V I  c 1 
SHORT THREAD €EX HEAD 6A1-4V TITANIUM ALLOY 160 KSI BOLTS 
- -  - 




I 1  
I 1  

















I 1  
11 
II 
1 u 4 3 3  
4 u-s34 
u-s35 
U-S41 NAS658V32 0 U-S42 
N u-s43 
u-s44 









I t  
I 1  
I t  
11 
1/4-28 6.325. .2490 
I t  
I I  











1 1  
II 
I 1  
11 
' 1/2-20 12.680 ,4992 
I " -  - v _  :--- =- =: f 
43 590 ' 9800 I 692.9 
43 770 ~ 9840 ' 695.0 
43 500 ' 9780 
43 770 9840 
42 700 I 9600 
42 700 9600 
45 990 10340 
41 810 9400 
45 10'3 10140 







12.675 ,4990 161 460 
( 1  12.682 .4993 161 900 
I 1  12.680 .4992 ' 1 6 1  020 
I t  
22 , 200 
22,700 
22,800 



















36 , 200 637.8 





- 11' Sho*t Thread c lose  to l e rance  Hex Head Bolt  f ab r i ca t ed  from 6A1-4V t i t an ium a l loy .  
.-w 21 Double shear  tes ts  performed on b o l t s  previously subjected t o  t e n s i l e  s t r e n g t h  
31 MLnimum double shear  load requirement p e r  Table I V ,  Spec. NAS 621 noted a8 foll 
Bolt heat  t r e a t e d  t o  160 KSI  min u t s  p e r  Spec. NAS 621 and NAS 653 t h r u  658 Standard 
eva lua t ion  tes ts .  
1/4-28 - 9,300 l b  
3/8-24 - 21,000 l b  
























































































































































































































































































































































































































I f ! 
I 
, 1 1 t 
I 
1 


























































































































































































































































































- -  
TAELE NO, VI E 1 
RESULTS OF ELONGATION AND REDUCTION OF AREA TESTS 
OP REDUCED GAGE SECTION NAS 654 SERIES 6Al-4V 





I 1  
11 
I t  











- - -  I 
- -  - -  I 
14.3 
15.1 
1 6 . 4  
15 .7  
1 5 . 0  
1 6 . 3  
16.0 
1 5 . 9  
1 6 . 4  
1 52 .7  
, 5 3 . 1  
5 8 . 2  
1 54.7 
, 
3 9 . 4  
I 31.0 
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE NO. V I  J 1 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TIEISION TESTS OF 
NAS 654 SERIES SHORT THREAD HBX NEAD TITANIUM ALLOY BOLTS 
TEST CONDITION: TORQLIE FRDM NUT 
Bolt Par t  No. : 
Thread Size: 1/4-28 m-3 
Bolt Mater ia l :  6A1-4v TITMYIUM ALLOY 
Bolt Finish: Mu 
Bolt Specification: NAS 621 
NAS 654 v 14 
DESIGN CLAMP LOAD: 20 680 Newtons ( 4,650 Pounds) 
Nut Part  No. : RM52LH3324-048 
Nut Mater ia l :  STEEL, HEAT TRBATED 
Nut F in ish :  DRY FILM LUBE OVER WLDHIUM PLATE 
Washer Par t  No. : AN960-416 
Hole size: 6.452 m ( 0.254 i n . )  














25 I T  I/ 1 560 I 350 
CYCLE 1 2  
25 IT 
50 I T  4 980 1,120 
75 IT 8 720 1,960 
100 IT 12 500 2,810 
140 I T  19 530 4.390 
I -  
CYCLE #3 
I 
15 I T  1,570 
75 IT 1,550 
CYCLE 16 
75 IT 6 890 1,550 
100 IT 9 870 2.220 
140 IT 14 370 3,230 
CYCLE # i o  
25 IT 270 
CYCLE #I1 
75 IT 7 030 1,580 
140 IT 14 900 3,350 
100 IT 2,220 
CYCLE #15 
25 IT 11 710 I 160 
INDUCED CLAMP LOAD 
Newtons I (Pounds) 1 Newtons 1 (Pounds 
CYCLE C1 ' 1 CYCLE #l 
1 1 200 1 290 1 290 270 
4 940 1,110 4 760 1,070 
9 030 2,030 8 270 1,860 
13 570 3,050 12 230 2,750 
20 730 4.660 18 820 4,230 
CYCLE #4 CYCLE #4 
240 
CYCLE 1 5  11 CYCLE #5 , 
I I1 I 1 1 160 f 1 070 
2: 
4 490 1,010 3 780 
8 140 1,830 6 540 1,470 
12 010 2,700 9 610 2,160 
18 990 4,270 14 900 3,350 
1 110 1 110 
4 210 960 9 960 890 
CYCLE #6 CYCLE #6 
GEE #lo- II CYCLE 110 
I I1 I 
1 020 1 250 
20 590 1 4;630 
I
CYCLE #2 






3 % I 830 
6 670 1,500 
9 870 2.220 
15 700 1 31530 
CYCLE #6 
3 780 
CYCLE #10 I 
CYCLE # l l  
Vewtons (Pounds) 
CYCLE 61 I 
1 560 350 
5 290 I 1.190 
9 120 2.050 
1 290 290 k: I 1,160 
1,990 
13 260 2.980 
20 370 1 4;580 
CYCLE 13 
CYCLE '14 
1 7  970 
CYCLE 115 
I 







1 110 250 
4 050 I 910 
6 490 1.460 
10 190 2.290 




3 7ao I n5o 
1 5  700 
m B s :  
-i7- 'IT' denote8 i n s t a l l a t i o n  torque. 
Bolt-nut a ~ s e m b l y  t e s t e d  i n  Transducer Controls load c e l l .  
frm Moseley Autograf Becorder. 
Tensile clamp load determined frm X-Y cume 
44 0 
TABLE NO. VI J 2 
RESULTS OF 15-CYCLE I~ALLATION TORQUE-TENSION TESTS 9p 
NAS 654 SERIES SHO.X!C lHRpAD Hw[ HBAD TITANIDM ALLOY BOLTS 
TEST CONDITION: TmQUE FBcM 
Bolt Part  No.: us 654 "14 
Thread Size: 1/4-28 
Bolt Mater ia l :  6A1-4v T W I M  W o y  
Bolt F in ish :  
Bolt Spec i f ica t ion .  us 621 
DESIGN CUMP LOAD: 20 680 Newton8 ( 4,650 Pounds) 
Nut Par t  NO. : p52LH3324-048 
Nut Material:  STEEL, HEAT TREATED 
Nut Finish: 
Washer Part  No. : AN960416 
Hale size: 6.452 m ( 0.254 i n . )  
CADMIUM PLATE, 9Q-P-416, TWE 11, CLASS 3 



















































1 SPECIMEN N0.U-T156 SPECIMEN N0.U-T157 SPECIMEN NO. U-T15 SPECIMEN NO. U-T159 SPECIMEN NO. U-T160 
Newtons I (Pounds) 11 Newtons 1 (Pounds) 1 Newtons I (Pounds 
11 INDUCED CLAMP LOAD 
- CYCLE 11 11 CYCLE #I n CYCLE c1 
I I n 1 
I '  
- CYCLE 12 CYCLE #2 CYCLE #2 
25 IT 2 670 600 2 670 600 3 020 680 
50 IT 7 030 1,580 7 160 1,610 7 650 1,720 
75 IT 11 330 2,560 11 430 2,570 12 410 2,790 
100 IT 16 010 3,600 1 5  920 3,580 1 7  440 3,920 
125 IT 20 770 4,670 20 590 4,630 22 330 5,020 
CYCLE 63 
25 IT 2 670 600 630 2 450 550 
1,600 6 980 1,570 
50 I 2.510 11 480 2.580 
- CYCLE i' 
1 CYCLE #4 /I CYCLE #4 
-..-- - --. 
.. .-- Z:& 11 120 2,500 
100 IT 15 750 3:%0 14 810 3 330 15 920 3,580 
125 I T  11 20 910 I 4,700 11 19 880 I 41470 11 20 990 1 4,720 
11 CYCLE 1 5  I/ CYCLE #5 
II I I1 I 
25 IT 2 140 480 2 000 450 2 360 530 
50 IT 6 320 1,420 6 053 1,360 6 490 1,460 
75 IT 10 720 2,410 10 320 2,320 10 850 2,440 
1 5  520 3,490 
4.750 
100 I T  15 030 3,380 14 540 3,270 
125 IT 20 240 4,550 19 350 4.350 21 130 
11 CYCLE #6 11 CYCLE 11 CYCLE #6 
25 IT 1 2 ",";: 1 450 I 1 870 1 420 1 2 090 
50 IT 1,370 5 690 1,280 6 230 
75 IT 10 450 2,350 10 100 2,270 10 540 
103 IT 14 900 3,350 14 010 3,150 1 5  170 
125 IT 19 970 4,490 18 950 4,260 20 460 
CYCLE # l o  CYCLE # l o  CYCLE 
25 IT 
50 IT // k I l,% 1 % 1 1 t;: 
75 IT 9 610 2,160 9 160 2,060 9 300 
100 IT 13 920 3.130 1 3  260 13 660 ~.
125 IT 11 18 953 I 41260 11 17 610 I 3;960 11 18 500 
CYCLE #11 11 CYCLE # l l  11 CYCLE 
25 IT 1 560 350 1 560 1 350 " 1 690 
50 IT 5 250 1,180 5 070 1,140 4 980 
75 IT 9 160 2,060 9 250 2,080 8 760 
100 IT 13 120 2,950 13 340 13 080 
125 IT 18 410 4.140 17 480 17  840 
CYCLE t 1 5  CYCLE 115 CYCLE 
I I I I 
25 IT 1 330 300 1 470 330 1 420 
50 IT 4 980 1,120 4 760 1,070 4 670 
75 IT 8 140 1,830 8 270 1,860 8 670 
100 IT 12 100 2,720 12 190 2,740 12 450 



























Newtons I (Pounds 
CYCLE #1 
1 
20 770 I 4;670 
11 880 2,670 
16 280 3,660 
20 100 4,520 
CYCLE #3 
10 900 2,450 
15 660 3,520 
20 190 
CYCLE #4 ----r-- 
CYCLE 1 5  
CYCLE 16 
 
1 820 410 
5 740 1 1,290 
9 210 2.070 
13 790 





16 950 3,810 
22 060 I 4:960 1 







1 960 440 
6 230 1 1,400 
9 830 2.210 
14 770 3;320 





'IT' denote. i n s t a l l a t i o n  torque. 
zt Bolt-nut assembly tee ted  in Transducer Controla l a d  c e l l .  
f r m  Moseley Autogref Recorder. 
Tens i le  clamp load determined from X-Y curve 
441 
TABLE NO. VI J 3 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS W 
WS 654 SERIES SBOaT THRBAD HEX HEAD T I T A N I W  ALLOY BOLTS 
TEST CONDITION: TmQm FRM m 
Thread Size: 1/4-28 m-x 
B o l t  P a r t  No.: WS 654 VI4 
BDLt Material: 6A1-4V TIT&qIW &Lop 
B o l t  Finish:  BABe 

















































200 I T  12 900 15 350 31450 
235 I T  15 430 I :::!: 18 500 I 4,160 
CYCLE 14 CYCLE 14 
I I 
50 IT 
100 I T  
150 IT  
IT 
235 IT 
150 I T  
1 CYCLE 
50 I T  
100 I T  
150 I T  









235 I T  10 850 
560 11 2 890 I 650 
1,260 6 540 1,470 1 9 920 1.950 1 2,230 
2,650 13 790 3,100 
3,140 17 440 3,920 
11 CYCLE 16 
I1 I 
3:170 11 17 570 I 3:950 
CYCLE #lo 
8 980 2,020 
2,250 12 190 2,740 




DESIGN CLAMP LOAD: 20 680 N e v t o n a  ( 4,650 Pounds) 
N u t  P a r t  No. : NAS679C4 
N u t  M a t e r i a l :  A286 CRES 
N u t  Finish:  SILVER PLATE PER AMs2410 
Washer P a r t  NO.:  AN960416 
Hole Size: 6.452 m ( 0.254 i n . )  
I SPECINEN NO.u-Ti63 SPECLMEN NO. ~-~16f, SPECIMEN NO. W LOAD 
CYCLE 11 
CYCLE I 2   
3 780 850 
," 2: 1 1,350 
12 190 2.740 
2,100 






CYCLE #6 - 
2 670 600 
4 850 1 1,090 
7 030 1.580 
9 390 2 110 
10 990 I 21470 
CYCLE #lo 
," E 1 
10 810 2.430 
CYCLE X11 
16 320 I 3;670 I 
CYCLE #3 CYCLE 113 
2 800 630 
6 270 1,410 
9 740 2,190 
13 430 3,020 
15 660 3,520 




--iT-"IT' denote. i n s t a l l a t i o n  torque. 
El Bolt-nut assembly tes ted  i n  Tranaducer Controls 1-d cell. 
fram Hoseley Autograf Recorder. 
Tensile clamp load determined frw X-Y curve 
442 
TABLE NO. V I  J 4 
RESULTS OF 15-CYCLE INSTALLATION TmQUE-TENSION TESTS OF 
IUS 654 SERIES SHORT THRBAD HEX HEAD TITANIM ALLOY BOLTS 
TEST CONDITION: TOSQUE FROX Nul 
Bolt Par t  No. : NAS 654 V29 
Thread Sire: 1/4-28 u I Y p - 3 ~  
Bolt Mater ia l :  6~1-4V TITANIUM ALLOY 
B o l t  F in ish :  BARE 




























































75 I T  
100 I T  
140 IT - 
25 IT 
50 IT 




50 I T  
75 I T  




140 I T  
















100 I T  
140 IT 
25 IT 




SPECIMEN N0.U-T165 SPECIMEN NO. U-T11 
INDUCED 
CYCLE I 2  
CYCLE #4 CYCLE #4 
CYCLE #5 CYCLE 1 5  I 980 1 ,;Z: 980 1 220 't 270 960 3 51
7 520 1,690 6 890 1,550 
11 650 2,620 11 830 2.660 
19 480 4,380 18 550 4 170 
CYCLE #6 
-.--- .. 
11 560 2;600 11 880 2,670 
19 130 I 4,300 11 19 040 I 4,280 
CYCLE #10 11 CYCLE 























DESIGN CLAELP LOAD: 20 680 Newtons (4 ,650  Pounds) 
Nut Par t  No. : RM52LH3324-048 
Nut Material:  STEEL, HEAT TREATED 
Nut F i n i s h :  DRY FILM LWE OVER CADMIUM PLATE 
Washer Part  NO.: AN960-416 
Hole Size: 6.452 nrm ( 0.254 in.) 
SPECIMEN NO.u-~167 SPECIMEN NO. U-Tl68 SPECIMEN NO. u - ~ 1 6  
MP LOAD 
Newtons I (Pounds) Newtons I (Pounds; 
CYCLE #1 CYCLE # l  
1 110 250 620 140 
4 540 1,020 4 800 1,080 
7 920 1,780 8 630 1,940 
13 610 3,060 13 030 2,930 
20 330 4,570 19 570 4,400 
CYCLE #2 CYCLE 112 
I I 
850 I/ tz: I/ 890 1 200 3 3 4 050 910 
7 070 1.590 7 380 1.660 
10 320 2;320 11 430 2 320 1 18 ::: 16 1:: 1 3,:;: 1 4 000 900 4 003 7 210 1,620 7 250 1,630 10 630 2,390 11 210 2,520 1 7  120 3,850 18 370 4 130 CYCLE 06 CYCLE 16 CYCLE # l o  CYCLE #10 
190 
16 I 3;800 17 790 I 4;OOO 
CYCLE #11 11 CYCLE #11 
I I1 I 
220 45 1 l,ri 1 W 1 1,590 92  
11 030 2,480 11 390 2,560 
16 950 3.810 17 530 3.940 
I '  11 1 -  
CYCLE #15 1 CYCLE #15 
1 160 1 i: I , 1 070 1 
4 000 4 000 
7 120 1,600 6 980 1,570 
1 0  720 2,410 11 030 2.480 
16 720 3,760 17 260 3.880 
Nevtons 1 (Pounds] 














3 910 880 
7 290 I 1,640 
10 850 2,440 
18 010 4.050 
CYCLE # l o  
CYCLE N15 
1 160 260 
4 180 1 940 
1 160 1.610 
10 5404 :3;: 
16 860 
?I Bolt-nut assembly tested in T;ansducer Controls load c e l l .  
Ind ica tor .  
Tensile clamp load determined f r W  R81 S t r a i n  
445 
TABLE NO. V I  J 5 
RESULTS OF 15-CY- INSTALIATION TORQUE-TENSION TESTS OP 
NAS 654 SBRIBS SHORT THRPAD REX READ TITANIUM ALLOY BOLTS 
TEST CONDITION: TORQUE FR(M 
Bolt Part  No.: NAS 654 v29 
Thread Size: 1/4-28 W-3 
Bolt Mater ia l :  641-4V TITANIUM ALLOY 
Bolt Finish: BRRE 
Bolt Spec i f ica t ion :  19.4s 621 
DESIGN CLAMP LOAD: :O 680 Newtons ( 4,650 Pounds) 
Nut Per t  No. : F52LW324-048 
Nut HeteILal:  STEEL, llEAT TREATED 
Nut F in ish :  
Washer P a r t  No. : AN960-416 
Hole Size: 6.452 m ( 0.254 in.) 
CADHIUS PLATE, QQ-P-416, TYPE 11, U S S  3 
E 
SPECE-IEN NO.U-Tl70 SPECMEN NO. U-Tl7 SPECIMEN NO.U-Tl72 SPECIMEN NO.U-Tl73 SPECIMEN NO, Q-Tl74 

























































1 2 670 1 2 490 j 560 1 600 I 580 1 130 
6 760 1.520 7 610 1,710 5 120 1,150 
12 230 2,750 11 970 2,690 9 070 2,040 
16 640 3,740 17 440 3.920 13 660 3,070 
21 710 4,880 22 370 5,030 19 080 4,290 
CYCLE 12 CYCLE 62 CYCLE 62 
25 IT // 2 710 I 610 I 2 760 I 620 1 1 330 1 300 
50 IT 7 430 1,670 7 120 1,600 3 690 830 
75 IT 12 280 2,760 11 480 2,580 6 450 1,450 
100 I T  17 260 3,880 16 370 3,680 9 870 2,220 
















IT II 2 360 I 530 II 2 51ro I 5 7 0  I1 1 070 I z m  . .  . .. . 
IT 21 440 4,820 21 840 , . 
CYCLE 1 5  CYCLE #5 11 CYCLE #5 
I I I1 I 
I 4i910 11 11 880 I 21670 
I T  2 310 520 2 310 520 890 200 
I T  6 490 1.460 6 760 1,520 3 290 740 
IT 11 333 2,540 11 080 2,490 5 920 1,330 
IT 15 920 3,580 15 610 3,510 8 230 1,850 
I T  21 170 4,760 21 310 4,790 11 560 2.600 
CYCLE 16 CYCLE 1 6  CYCLE (6 
I T  2 050 460 2 220 500 490 110 
IT 5 960 1,340 6 320 1,420 3 200 720 
IT 10 010 2,250 10 540 2,370 5 780 1,300 
IT 14 460 3,250 14 810 3,330 7 780 1,750 
I T  19 260 4,330 20 190 0,540 11 210 2,520 
CYCLE 110 1. CYCLE X10 CYCLE #10 
25 I T  
50 IT 
75 I T  
100 I T  
125 IT 
j/ 1 780 1 400 1 1 960 1 440 // 710 1 160 
5 520 1,240 5 470 1,230 3 290 740 
9 300 2,090 9 610 2,160 5 830 1,310 
1 3  700 3.080 13 740 3.090 8 580 1.930 II 18 280 I 4;110 118  770 1 4;220 )I 12 630 I 2;840 
C Y a E  111 n CYCLE til u CYCLE 111 
I I1 I I1 I 
25 IT 1 870 420 2 000 1 450 270 
50 IT 5 690 1,280 5 340 1,200 3 160 
75 IT 9 160 2,060 9 300 2,090 6 140 
100 IT 13 300 2,990 13 660 3,070 9 070 
125 IT 18 280 0,110 18 240 4,100 13 260 
. C Y a B  #15 CYCLE 215 CYCLE 
25 IT 2 000 450 1 780 400 400 
50 IT 5 520 1,240 5 030 1,130 4 000 
75 IT 9 300 2,090 8 940 2,010 7 560 
100 IT 12 990 2,920 12 990 2,920 11 160 












Newtons (Pounds) Newtons (Pounds) 
CYCLE # l  CYCLE f b l  
I 
2 540 570 2 580 580 
6 890 1,550 7 030 1,580 
11 300 2,540 11 610 2,610 
15  880 3,570 15 970 3,590 
20 860 4,690 21 260 4,780 
CYCLE 1 3  CYCLE 83 
I I 
2 220 1 ,,Z I 2 140 480 
6 450 1,450 6 850 1,540 
10 810 2,430 11 210 2,520 
15 610 15 570 3,500 
20 460 4,600 20 280 4,560 
CYCLE #4 CYCLE 114 
1 1 600 ; ;:; I ,450 1 .360 1 30 5 160 1,160 10 050 2,260 9 300 2,090 14 410 3,240 13 740 3,090 19 530 4 390 18 820 4 23
CYCLE #lo CYCLE # l o  
I II I 
1 690 
5 070 I 1,:; 1 % 1 1,:: 
8 850 1.990 8 360 1.880 
t::O; I 4 490 4 710 1,010 
12 540 2,820 12 010 2,700 
17 530 3,940 16 680 3,750 
8 580 8 10  1,820 
CYCLE 115 CYCLE 115 I 1 160 I 1 600 1 ,360 4 670 1,050 h 270 8 450 1,900 7 920 1,780 12 320 2,770 11 610 2,610 17 530 3 940 16 410 3,690 
‘IT‘ denotes innstallation torque. 
Bolt-nut assembly tes ted  in Transducer Controls load c e l l .  
Indicntor.  
Tensile clamp load determined fran R81 S t r a i n  
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TABLE NO. VI J 6 
RESULTS OP 15-CYCLB INSTALWLTION TOSQUE-TENSION TESTS OF 
NAS 654 SERIES SH(IRT THRWI HEX BUD TITANIIIM ALLOY BOLTS 
TEST CONDITION: TORQW FR(M rn 
Bolt Part No. : NAS 654 wg 
Thread Size: 1/4-28 m-3A 
Bolt Material: 6A1-4v TITILNIIIM ALLOY 
Bolt Finish: 
Bolt Specification: NAS 621 
DESIGN CLhMP LMD: 20 680 Newtona ( 4,650 Pounds) 
Nut Part No. : N.4S 679 C4 
Nut Material: A286 CRES 
Nut Finish: SILVER PLATE PER AMs 2410 
Washer Part No.: AN960-416 































50 IT 2 360 530 2 670 600 2 090 470 2 360 533 
1,170 100 IT 5 340 1,200 5 960 1,340 4 670 1,050 
153 IT 6 540 1,920 9 390 2,110 7 210 1,620 ;:: I 1,830 
200 IT 11 520 2,590 12 850 2,890 9 870 2,220 10 680 2,400 
















2 980 670 2 490 560 BOLT BRIKE 
6 270 1,410 5 250 1,180 12TH CYlZE 
150 IT 8 9W 2,000 7 700 1,730 
200 IT 11 080 2,490 10 010 2,250 
235 IT 12 450 2,800 11 120 2,500 
NmBS. 
T " 1 T '  denotes installation torque. 
&/ Bolt-nut assembly tested in Transducer Controla load cell. 
Indicator. 
Tensile clamp load determined frw RBI Strain 
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TABLE NO. V I  J 7 
RESULTS OF 15-CYCLE INSTALUTION TORQDE-TRNSION TESTS OF 
NAS 656 SERIES SHORT THREAD HEX HEAD TITANIUPL ALLOY BOLTS 
TEST CONDITION: TORQUE FRCM NUT 
Bolt Part  No. : 
Thread Si re :  3/8-24 w-u 
Bolt Mater ia l :  6A1-4V TITANIW ALLOY 
Bolt F in ish :  BARE 
Bolt S p e c i f i c a t m n .  U S  621 
NAS 656 V16 
DESIGN CLAELP LMD: 49 820 Newtons ( 11,200 Pounds) 
Nut Par t  No. : RM52LH3324-064 
Nut Material:  STEEL, HEAT TRUTED 
Nut F in ish :  DRY FILM LUBE OVER CAmIW PLATE 
Washer Part  No. : AN960-616 







































E SPECIMEN N0.U-"179 SPECIMEN N0.U-T18O SPECIMEN N0.U-T181 SPECIMEN N0.U-"182 SPECIMEN NO. 
y INDUCED C W  LOAD 
(In-lbf) Newtons 1 (Pounds) 1 Newtons I (Pounds) Newtons 1 (Pounds) 1 Newtons I (Pounds) 1 Newtons I (Pounds) 
CYCLE #I 11 CYCLE #I  1 CYCLE #I I CYCLE 11 11 CYCLE 11 
I 1 1 1 1 n 1 
22 640 26 470 26 870 26 110 
75 I T  
150 I T  
225 I T  
300 I T  
350 IT 
/I 7 650 1 1.720 1 8 1 0 0  I 1,820 I 7 1 2 0  1 1,600 I 7 560 1 1.700) 
17 120 3,850 16 640 3,740 15 660 3,520 15 700 3,530 
27 090 6,090 26 550 5,970 24 860 5.590 25 090 5,640 
37 540 8,440 37 590 8,450 36 610 8,230 35 720 8.030 
45 280 10,180 45 550 10.240 44 300 9.960 42 920 9.650 1 
I ' I I  I ' "  1 
CYCLE #4 11 CYCLE 114 11 CYCLE 114 11 CYCLE 114 CYCLE (4 
I II , 
75 I T  6 890 1.550 7 120 I 1,600 7 210 1,620 6 580 1,480 
150 I T  15 880 3,570 15 350 3,450 15 350 3,450 14 639 3,290 
225 IT 25 000 5,620 24 510 5,510 24 330 5,470 24 640 5.540 
300 I T  35 270 7.930 35 720 8,030 35 630 8,010 33 580 7,550 
350 I T  43 370 9.750 42 750 9,610 43 900 9,870 41 100 9,240 
CYCLE #5 CYCLE 1 5  . CYCLE #5 CYCLE 1 5  CYCLE #5 
75 I T  6 540 1,410 6 580 1,480 6 890 1.550 6 230 1,400 
150 I T  14 720 3,310 16 190 3.190 14 680 3,300 15 170 3,410 
225 I T  23 570 5,300 24 330 5,470 23 930 5.380 22 550 5,070 
300 I T  33 980 7.640 33 450 7,520 34 870 7,040 7,260 
350 IT 42 340 9,520 41 500 , 9,330 43 150 , 9,700 ii 2',: 9,090 
CYCLE 16 CYCLE 16 CYCLE 16 CYCLE #6 CYCLE 116 
I 1 
75 I T  6 670 1 1,500 6 000 1,350 6 890 1 1,550 5 780 1,300 
150 IT 14 190 3,190 12 630 2,840 14 230 3,200 12 630 2,840 
225 I T  22 060 4,960 20 590 4,630 22 370 5,030 20 950 4,710 
300 IT 31 490 7,080 29 180 6,560 32 110 7,220 30 510 6,860 
350 I T  39 850 8,960 36 340 8,170 40 210 9,040 38 340 8,620 
CYCLE 111 CYCLE 111 CYCLE 111 CYCLE #I1 CYCLE # l l  
NOTES: 
2/ 
' IT '  denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  i n  Transducer Controls load c e l l .  
Indicator.  
Tensile clamp load determined from RBI S t r a i n  
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TABLE NO. ‘?I J 8 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSIDN TESTS OF 
NAS 656 SERIES SHORT THRGAD HEX HEAD TmAMW ALLOY BOLTS 
TEST CONDITION: TORQUE FRM Nw 
Bolt Part  No. : 
Thread Size: 3/8-24 UNp-U 
Bolt Mater ia l :  6Al-4V TITAMW ALLOY 
Bolt Finish: BARE 
Bolt Speci f ica t ion .  NAs 621 
NAS 656 816 
DESIGN CLAMP LMD: 49 820 Newtons ( 11,200 Pounds) 
Nut Part  No. : NAS679C6 
Nut Material:  A286 CRES 
Nut Finish: SILVER PLATE PER AMs2410 
Washer Par t  NO.: AN960-616 


















































( i n - l b f )  = 
75 I T  
150 I T  
225 IT 
300 I T  




















650 I T  -
75 I T  







300 I T  
650 IT -










SPECIMEN NO. SPECMEN N0.U-T183 SPECIMElv N0.U-T184 SPECIMEN N0.U-Tl85 SPECIMEN NO. 
INDUCED CLAMP LOAD 
Newtons I (Pounds) Newtons I (Pounds 
CYCLE #1 n CYCLE #I  
I I 
Newtons I (Pounds 
--=-?- 
5 380 1,210 
9 470 2,130 
1 5  750 1 3,540 
19 170 4,310 




CYCLE W  
8 320 1 ;;:E: 
20 730 





6 410 1 1.440 I 5 290 
10 720 2,410 10 230 
16 010 3,600 14 950 
37 270 8,380 35 850 
19 880 4,470 19 040 4 ~ 8 a  
CYCLE #2 CYCLE 12 
3 020 I 680 11 3 380 1 760 
2 800 630 
5 520 1 1,;: /I :;: 1 1,320 
8 670 1,950 8 980 2,020 
11 520 2.590 12 100 2.720 




CYCLE #6 CYCLE #6 
2 220 500 2 090 470 
4 710 1.060 4 360 980 
7 250 1,630 6 670 1,500 
9 700 2,180 8 980 2,020 
23 400 5.260 21 710 4,880 
CYCLE 110 CYCLE 110 
1 9 6 0  440 2 090 470 
4 310 970 4 360 980 
6 720 1,510 6 450 1,450 
9 030 2,030 8 810 1,980 
21 480 4.830 21 040 4,730 
CYCLE #11 CYCLE #11 
2 000 450 2 050 460 
4 310 970 4 270 960 
6 580 1,480 6 270 1,410 
8 810 1,980 8 540 1,920 
21 880 4,920 20 910 4,700 
CYCLE #15 CYCLE #15 
1 780 400 
3 910 88( 
6 050 1,36( 
8 050 1,81( 
20 330 4,57( 
NOTES. 
T . * I T *  denotes i n s t a l l a t i o n  torque. 
21 Bolt-nut assembly t e s t e d  i n  Transducer Controla load f e l l .  
Indicator.  
Tensile clamp load determined from RBI S t r a i n  
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TABLE NO. VI J 9 
R&5DLTS OF 15-CYCLE INSTALLATION TORQDX-TENSION TESTS OF 
K4S 658 SERIES SEORT TBRBAD HEX HEAD TITANIUM ALLOY BOLTS 
TEST CONDITION: TORQUE FRCN m 
Bolt Par t  No.: 
Thread Size :  1/2-20 w-3A 
Bolt Mater ia l :  6.41-4~ T I ~ W  &LOP
Bolt F in ish :  
Bolt SDeei f ica t ion :  ms 621 
NAS 658 V32 
DESIGN CLAW LOAD: 91  180 Newtons ( 20,500 Pounds) 
Nut Par t  NO.: 1414-8 
Nut Mater ia l :  
Nut F in ish :  
Wa8her Par t  NO. : AN960416 
Hole Size: 12.827 m ( 0.505 in.) 
ALLOY STEEL, HEAT TREATED 





















































( i n - l b  f ) 
360 t't 
720 IT 
1080 I T  




1080 I T  
1440 I T  
1920 IT  
360 IT 
720 IT 
1080 I T  
1440 IT 
1920 IT 
360 I T  
720 IT 
1080 IT 
1440 I T  
1920 I T  
360 I T  






720 I T  
1030 I T  
1440 IT 
1920 I T  
360 IT 
720 IT 
1030 IT  
1440 IT 
1920 I T  
360 IT  
720 IT 
1080 IT  
1440 IT  
1920 IT -
360 IT 
720 IT  
1030 IT 
1440 IT  
1920 IT 
Newtons I (Pounds: 
CYCLE d l  
 
CYCLE 12  
64 720 I 14;550 
CYCLE 1 3  
CYCLE 15 
 




61 160 1 13;750 
CYCLE 111 
CYCLE ill 
52 803 11 870 51 550 
74 280 I 16i700 11 70 630 
CYCLE 1 3  
19 700 4,430 19  930 
33 850 7,610 34 070 
49 950 11,230 47 060 
78 200 17,580 67 740 
CYCLE 4 
1 
(Pounds) Newtons 1 (Pounds1 
1 I CYCLE #I 
1 1 
1 6 580 1,810 1 1,480 
0,480 1 7  210 3,870 
7.660 28 820 6,480 
10,580 42 030 9,450 
15,230 63 470 14,270 
CYCLE #4 
CYCLE 16 11 CYCLE X6 






























'IT' denotes i n s t a l l a t i o n  toraue.  . -  
Bolt-nut assembly t e a t e d  in Transducer Controls load c e l l .  
Ind ica tor .  
Tens i le  clamp lcad determined from RBI S t r a i n  
J 
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TABLE NO. V I  J 10 
RKSULTS OF 15-CYCLB INSTALLATION TORQUE-TENSION TESTS OF 
IUS 655 SEB.LES SHOBT T€RUD BBX HEAD TITANIM ALLOY BOLTS 
TEST CONDITION: TmQm FBDM Nul' 
Bolt Par t  No. : NAS 658 V32 
Thread Size: 1/2-20 myp-3  
Bolt Mater ia l :  641-4v TI[T*NIIM &LOT 
Bolt Finish: 
Bolt Spec i f ica t ion :  &\: 621 
DESIGN CLAMP LMD: 91 180 Newtone ( 20,500 Pounds) 
Nut Part  No. : NAS679A8 
Nut Mater ia l :  STEEL 
Nut F in ish :  DRY FILM LUBE OVER CAE4IM PLATE 
Washer Part  No. : ANY60-816 
Hole Size: 12.827 mm (0.505 in.) 
I SPECIMEN NO. U-Tl92 SPECIMEN NO. U-T193 SPECIMEN NO. AMP LOAD 
Newtons I (Pounds2 
CYCLE # l   














Newtons Pounds Newtons Pounds 
23 260 5.230 
59 380 13,350 
88 650 19,930 
95 050 21,370 
I U I 
CYCLE #2 1 CYCLE 12 
I I 







18 903 I 4.250 n 1 ,  
65 770 10,230 
75 530 16,980 
87 980 19,780 
CYCLE 1 3  CYCLE 113 
16 770 3,770 
41 190 9,260 
63 170 15,550 f:' 79 890 17,960 
16 240 3,650 
40 120 9,020 
71 750 16,130 
89 400 20,100 
20 020 4,503 18 460 
47 240 10,620 45 240 
85 220 19,160 76 770 
37 680 21,960 31 140 
















88 62 480 92 I ,~~~~ I 80 540 ii % 77 970 17,530 71 300 360 IT 1203 I T  720 IT 1080 IT 
360 IT 
720 I T  
1030 IT 
1203 IT 
33 360 8:850 
72 240 16,240 
92 120 20,710 
I U I m I 
I I I 
CYCLE #4 CYCLE #4 11 CYCLE 1'14 CYCLE 84 CYCLE #4 
15 570 3,500 
37 900 8,520 
63 830 14,350 
75 lY.0 17,050 
CYCLE #5 CYCLE #5 
14 280 3,210 
37 320 8,330 
61 560 13,840 





15 $30 I 3,470 I 18 190 I 4,090 1 15 210 I 3.420 
38 210 8,590 40 740 3,160 35 560 8,220 
70 320 15,810 72 680 16,340 63 610 14,300 
30 563 20,360 85 800 19,290 74 370 16,720 
6 U I I1 I 















360 I T  
720 IT 
lOS0 I T  
1200 IT 
I 
CYCLE #6 11 CYCLE #6 11 CYCLE 










15 750 1 3,540 I 17 260 [ 3,880 1 12 810 
41 103 9,240 33 680 8,920 34 870 
76 330 17,160 74 010 16,640 54 090 





CYCLE # l o  11 CYCLE #10 
















I II I 
CYCLE Ill 11 CYCLE # l l  11 CYCLE 
1 II 1 
1 U 1 



















16 720 1 3,760 1 1 5  170 1 3,410 1 13 880 
48 220 10,840 36 210 8,140 35 410 
83 310 18,730 64 050 14,400 55 910 
93 720 21,070 74 730 16,803 64 010 
I II I II 
CYCLE #15 11 CYCLE X15 11 CYCLE 
I I1  I I1 
12 900 1 2,903 1 1 5  480 I 3,480 11 11 740 
40 170 3,030 36 830 8,280 29 220 
70 553 15.860 67 480 15.170 50 400 
81 670 I l e i 3 6 3  11 75 700 I 17;020 11 60 310 
NmES. 
T' IT' denote 8 i n s t a l  la t ion torque. 
21 Bolt-nut assembly t e s t e d  in Transducer Controls load c e l l .  Tensile clamp load determined from RBI St ra in  
Indica tor .  
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TABLE NO. V I  J 11 
RESULTS OF 15-CYCLR INSTALLATION TORQUE-TENSION TESTS OF 
NAS 656 SERIES SHORT THRPAD HEX HeAD TITANIUM A U O Y  BOLTS 
TEST CONDITION: TORQUE FRM NUT 
Bolt Part  No.: NAS 656 V16 
Thread Size: 3/8-24 W-3A 
Bolt Mater ia l :  6A1-4v TITANIUM w o y  
Bolt Finish: BARE 
Bolt Specification. NAS 621 
DESIGN CLAl4P LOAD: 49 820 Newtons ( 11,200 Pounds) 
Nut Part  No. : RM52LH3324-064 
Nut Mater ia l :  STEEL, HEAT TREATED 
Nut F i n i s h :  
Washer Part  NO.: AN960-616 
Hole Sire: 9.627 0 ( 0.379 in.) 
































































75 I 3  
150 I 3  
225 I1 
303 I1 
75 I T  
150 I T  
!25 I T  
$00 I T  






75 IT  
50 IT 
25 IT 







SPECIMEN NO. SPECIMEN N0.U-T194 SPECIMEN N0.U-T195 SPECIMEN N0.U-T196 SPECPlEN NO. 
INDUCED CLAMP LOAD 
Newtons I (Pounds) 1 Newtons I (Pounds) (1 Newtons I (Pounds) Newtons 1 (Pounds) 11 Newtons I (Pounds 
I 11 CYCLE I1 n CYCLE I CYCLE #1 11 CYCLE #1 I II I I I ,I CYCLE # l  
4 270 960 4 270 960 5 340 1.200 
12 900 2,900 12 010 2,700 14 100 3,170 
23 170 1 5,210 27 490 1 6,180 25 350 5,700 
39 770 8,940 42 210 9,490 37 940 8,530 
52 000 11,690 52 580 11,820 48 660 10,940 
I CYCLE 62 CYCLE #2 CYCLE #Z CYCLE 112 
CYCLE #2 
I I 
Y'IT' denotes i n a t a l l a t i o n  torque. 
21 Bolt-nut assembly t e s t e d  in LEC F o r c e  Washer. Tensile elamp load determined frw BBI S t r a i n  Indica tor .  
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TABLE NO. V I  J 12 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
NAS 654 SERIES SHORT THRBAD HEX BULD TITANIM ALLOY BOLTS 
TEST CONDITION: TORQUE FRCM BOLT HEAD 
Bolt Part  No.: ms 654 VI4 ' 
Thread Size: 1/4-28 W - 3 A  
Bolt Mater ia l :  6A1-4V TITANIM ALLOY 
Bolt F in ish :  BARE 
Rolt Spec i f ica t ion :  NAS 621 
DESIGN CLAW LOAD: 20 680 Newtons ( 4,650 Pounds) 
Nut Part  No. : m52LH3324-048 
Nut Material:  STEEL, HEAT TRBATED 
Nut F in ish :  DRY FILM LUBE OVER CADMIUM PLATE 
Washer Part  No. : AN960-416 












































( i n - l b f )  Newtons 1 (Pounds 
CYCLE #1 
25 IT 670 150 
53 IT 2 760 520 
75 IT 5 920 1,330 
100 IT 8 360 1,839 
225 IT 21 400 4,820 
CYCLE #2 
25 IT 1 330 303 
53  11 4 490 1,010 
75 IT 9 030 2,030 
100 IT 14 460 3,250 







103 IT 10 900 
225 IT 12 530 
CYCLE 
25 IT 1 650 ;; :: 1/ 4 230 
6 890 
100 IT 10 100 







































INDUCED CLAW LOAD 
Newtons (Pounds) Newtons (Pounds 
CYCLE #1 I CYCLE I 1  
1 1 I 2 000 1 650 1 370 $50 
4 490 1,010 4 980 1,120 
6 890 1,550 9 700 2,180 
10 100 2,270 14 060 3,160 
19 WO 4,280 18 330 4,120 
CYCLE #2 CYCLE #2 
1 5  260 1 3;430 16 320 I 3;670 
CYCLE C3 CYCLE #3 
1 330 300 1 420 320 
3 910 880 4 090 920 
5 490 1,460 7 030 1,580 
11 120 2,500 10 990 2,470 
13 880 3,120 16 010 3,600 
1 1 
CYCLE #4 CYCLE #4 
CYCLE #5 CYCLE #5 
4 090 920 4 140 
6 350 1,540 7 030 1,530 
12 853 2,890 14 950 3,350 
i o  390 2,470 i o  aio 2,430 
CYCLE 1 6  CYCLE 
4 540 
10 590 2,381 11 520 
12 320 2,770 14 500 
CYCLB # l o  CYCLE 
6 670 1,500 
853 
3 550 2;150 1 8 500 
11 920 2,680 12 500 
CYCLE $11 CYCLE 
































CYCLE #3 CYCLE 03 
CYCLE 114 CYCLE #4 
Bolt-nut assembly t e s t e d  in Transducer Controls load c e l l .  
f r m  noseley Autograf Recorder. 
Tensile clamp l w d  determined from X-Y curve 
451' 
TABLE NO. VI J 13 
RESULTS OF 15-CYCLE INSTALLATION TORQUe-TEtJSION TESTS OF 






Bolt Par t  No. : 
Thread Size :  1/4-28 m-3 
Bolt Mater ia l :  M1-4V TITANIUM ALLOY 
Bolt  F in ish :  M E  
Bolt  S p e c i f i c a t i o n .  NAS 621 
ToRQUK FRDM BOLT HEAD 
NAS 654 y14 
C Y U K  X15 CYCLE X15 ‘ CYCLE 815 n CYCLE 115 CYCLE 115 
~ 
2 4M) 540 
100 IT  7 920 1,780 12l’R CYC.E 6 940 1,560 
150 IT 14 010 3,150 12 590 2,830 
175 IT  17 170 3,860 14  770 3,320 
50 IT 2 710 610 GWW 
DKSIGN CIAUP LOAD: 20 680 Newtons ( 4,650 Pounds) 
Nut Par t  No.: F52LH3324-048 
Nut Mater ia l :  STEEL, W T  TREATED 
Nut F in ish :  
Washer Par t  No. : AN960-416 
Hole Size: 6.452 m ( 0.254 in . )  
CAD.4IW PWLTK, QQ-P-416, TYPE 11, CLASS 3 
SPECIMEN NO. SPECMEN NO. U-TZW SPECIMEN NO. U-T201 SPECIMEN N0.U-T202 SPECIMEN NO. 
5.65 50 IT 4 140 
11.30 100 I T  11 210 
16.95 150 IT 19 220 
19.77 175 I T  23 440 
, CYCLE 
5.65 50 I T  4 270 
11.30 100 I T  11 210 
16.95 150 IT 22 150 
19.77 175 IT 25 260 
CYCLE 
5.65 50 I T  5 030 
11.30 100 I T  11 650 
16.95 150 IT 21 220 
19.77 175 IT 25 890 
CYCLE 
5.65 50 I T  3 380 
11.30 100 IT 12 230 
16.95 150 I T  21 800 
19.77 175 I T  24 950 
CYCLE 
5.65 50 IT 3 2M) 
11.30 100 I T  10 590 
16.95 150 I T  22 640 
19.77 175 IT  25 090 
I 
INDUCED CIAMP LOAD 
(Pounds) 1 Newtons I (Pounds) 1) Newtons I (Pounds) I Newtons I (Pounds) i Newtons 1 (Pounds) 
11 CYCLE W I/ CYCLE 11 CYCLE #& 11 CYCLE #4 
II I U I 




TABLE NO. VI J 14 
RESILTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
WAS 654 SERIES SHORT THREAD HEX FEAD TITANIUM ALLOY BOLTS 
CYCLE 
TEST CONDITION: TORQUE FRU4 BOLT HPAD 
B o l t  P a r t  No. : KAS 654 V14 
T h r e a d  Size: 1/4-28 m-3A 
B o l t  M a t e r i a l :  6Al-4V TITANIUM ALLOY 
B o l t  F i n i s h :  BARE 




1 CYCLE 114 
CYCLE #5 
CYCLE #6 
































22.60 L 31.07 
E 
1/ 
( i n - l b f )  = 
50 I T  
100 I T  
150 I T  
200 I T  
275 I T  
50 I T  
100 I T  
150 I T  
200 I T  
275 I T  
50 IT 
150 IT 
100 I T  
200 I T  
275 I T  
50 I T  
100 I T  
150 I T  
200 I T  
275 I T  
50 I T  
100 I T  
150 I T  
200 I T  
275 I T  
50 I T  
100 I T  
150 I T  
200 I T  
275 I T  
50 I T  
100 I T  
150 I T  
zoo I T  
275 I T  
50 I T  
100 I T  
150 I T  
200 I T  
275 I T  
50 I T  
loo I T  
150 I T  
200 I T  
275 IT 
DESIGN CLAMP LOAD: 20 680 Newtons ( 4,650 P o u n d s )  
a t  eert NO.: ~ 6 7 9 ~ 4  
N u t  Material: A286 CRES 
N u t  F i n i s h :  SILVER PLATE PER AMS2410 
Washer P a r t  No. : AN960-416 
Hole Size: 6.452 m ( 0.254 in.) 
I SPECMEN N0.U-T203 SPECMEN N0.U-TZO4 SPECIMEN NO.U-TZ05 SPECIMeN NO. SPECIMEN NO. 
INDUCED C W  LOAD 
980 220 890 200 890 200 
:g I II :;: I l.ii: n I :;: I I 
2 670 
CYCLE Y10 
I .  
CYCLE #11 CYCLE 111 CYCLE # l l  CYCLE 111 
850 190 760 170 760 170 
2 140 480 2 ago 650 1 9 6 0  440 
3 870 870 5 520 I 2ho 3 420 77n 
5 690 1,280 7 160 1'610 5 160 1,160 
9 120 1 2,050 I 11 880 I 2:670 8 670 I 1,950 I 
CYCLE t i 5  1 CYCLE 115 CYCLE 115 I CYCLE #15 
I I I " I 
4 760 1,070 
6 180 1,390 
9 870 2,220 
NrnES' 
T * t I T '  d e n o t e s  i n s t a l l a t i o n  t o r q u e .  
zl B o l t - n u t  a~sembly t e a t e d  in Transducer Controls l c a d  c e l l .  
f r c m  Moseley A u t o g r a f  R e c o r d e r .  





TABLE NO. V I  J 15 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
NAS 654 SERIES SHORT T W D  HBX HEAD TITANIUM ALLOY BOLTS I 
TEST COEIDITION: TORQUE FRDM BM.,T HF$D 
Bolt Part  No. : NAS 654 v29 
Thread Size: 1/4-28 m-3~ 
Bolt Mater ia l :  6A1-4V TITANIUM ALLOY 
Bolt F in ish :  
Bolt Spec i f ica t lanr  NAS 621 
DBSIGN CLAElP LOAD: 20 680 Newtons ( 4.650 Pounds) 
Nut Par t  NO.: RX52LH3324-018 
Nut Mater ia l :  STEEL, HEAT TREATED 
Nut Finish: 
Washer Pert  No. : AN960-416 
Hole Size: 6.452 tm ( 0.254 in . )  













































50 I T  
75 IT 
100 I T  
225 I T  
25 IT 
50 I T  
75 I T  
1M) IT 
225 I T  
25 IT 
50 IT 
75 I T  
100 I T  
225 IT 
25 I T  
50 IT 
75 IT 
100 I T  
225 IT 
25 IT 
50 I T  
75 IT 






















I SPECIMEN NO. SPECIMEN N0.U-T206 SPECIMEN NO.U-T207 SPECIUZN N0.U-T208 SPECIMEN NO. 
Newtons I (Pounds 
-=T--- 






CYCLE #6  
14 060 I 3;160 
CYCLE 110 
INDUCED 
2 140 480 
6 360 I 1,430 
10 900 2,450 
1 5  920 3.580 




CYCLE H4 v 
710 I 160 










2 w  
1,520 ; 21 1 750 
i o  940 2.460 
13 480 1 3;030 
CYCLE 114 
3 160 
CYCLE #5 I 
890 200 
3 160 1 710 
6 000 1,350 
9 920 2.230 
12 320 I 2:770 
CYCLE #6 
12 590 




Y-IT' denotes i n s t a l l a t i o n  torque. 
21 Bolt-nut assembly t e s t e d  in Transducqr Controls l a d  c e l l .  
Ind ica tor .  





150 I T  
175 IT 
TABLE NO. 711 J 16 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
NAS 654 SERIES SHORT THRPAD HEX HEAD TITANIUH ALLOY BOLTS 
3 290 740 
6 320 1,420 
8 140 1,830 
TEST CONDITION: 
Bolt Par t  No. : NAS 654 v29 
Thread Size: 1/4-28 m-3 
Bolt Mater ia l :  6 ~ 1 - 4 v  TITANIM ALLOY 
Bolt Finish :  
Bolt  Specification. NAS 621 
TORQUB FRDH BOLT HEAD DESIGN CLAMP LOAD: 20 680 Newtons ( 4,650 Pounds) 
Nut Par t  No.: F52LH3324-048 
Nut Mater ia l :  STEBL, HEAT TREATED 
Nut Finish: CAMIUH PLATE, QQ-P-416, TYPE 11, CLASS 3 
Washer Part No. : ~ ~ 9 6 0 - 4 1 6  
Hale Size: 6.452 mm ( 0.254 in.) 










































7 ” I T ‘  denotes i n s t a l l a t i o n  torque. 
gl Bolt-nut assembly t e s t e d  i n  Transducer Controle load c e l l .  
Ind ica tor .  
Tens i le  clamp load determined from RBI S t r a i n  
455 
0 
TABLE NO. V I  5 1 7  
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
NAS 654 SERIES SHORT THREAD Hpx HEAD TITANIUM ALLOY BOLTS 
TEST CG-IDITION: 
Bolt  Par t  No.: NAS 654 v29 
Thread Size: 1/4-28 uNp-3A 
Bolt M a t e r u l :  6A1-4V TITANIUM ALLOY 
Bolt  F i n i s h :  BARE 
Bolt  SpecificatLon. NAS 621 
TORQUE FRCM BOLT RBAD DESIGN CULnP LOAD: 20 680 Newtons ( 4,650 Pounds) 
Nut Par t  No. : NAS679c4 
Nut Mater ia l :  A286 CRES 
Nut F i n i s h :  
Washer Par t  NO. : AN960-416 
Hole Size: 6.452 rmn ( 0.254 in.) 
SILVER PLATE PER AMs2410 










































I - INDUCED CLAW LOAD 
( i n - l b f )  Newtons 1 (Pounds) Newtons I (Pounds) Newtons I (Pound 
CYCLE 11 CYCLE 11 CYCLE 111 
50 I T  2 310 520 2 050 460 2 050 460 
100 I T  5 960 1,340 4 670 1,050 5 430 1 22n 
150 IT 9 070 2,040 6 810 1 510 R 7-m 
ZOO IT 12 230 2.750 IO ino I 3 1 200 I1li: :T 1 :D$ I ii: ;2: I 3 1 290 5 ?: 
150 I T  6 180 1,390 5 600 1,260 5 560 1,250 
200 I T  9 160 2,060 8 360 1,880 8 580 1,930 
275 I T  13  520 3,040 14 190 3,190 13  340 3,000 
CYCLE 93 CYCLE #3 CYCLE 63 
Newtons (Pounds 
CYCLE #I 








1 c Y a E  # i i  











7'IT' denotes i n s t a l l a t i o n  torque. 
y Bolt-nut assembly t e s t e d  in Transducer Cont ro ls  load cell. 
Indica tor .  
Tens i le  clamp load determined from BBI S t r a i n  
456 
TABLE NO. V I  J 18 
RESULTS OF 15-CYCLE INSTAJAATION TOP.QUE-TENSION TESTS OF 
NAS 656 SmIES SHOBT THRBAD HEX HeAD TITANIIM ALLOY BOLTS 
TEST CONDITION: 
Bolt Part  No.: NAS 656 V16 
Thread Size: 3/8-24 m-y( 
TORQUE FRCM BOLT HPAD 
Bolt Mater ia l :  ~ 1 - 4 ~  TITANIIM ALLOY 
Bolt F in ish :  BARE 
Bolt Specification: MAS 621 
DESIGN CLAW LOAD: 49 820 Newtons ( 11,200 Pounds) 
Nut Par t  No. : RM52LH3324-064 
Nut Mater ia l :  STEEL, HeAT TREATED 
Nut F in ish :  
Washer Par t  No. : AN960-616 
 ole Size: 9.627 mo ( 0.379 in.) 
DRY FILM LUBE OVER CADMIUH PLATE 
E SPECIMEN NO.U-TZ15 SPECIMEN N0.U-T216 SPECIMEN NO.LLT217 SPECIMEN NO.U-TZ18 SPECIMEN NO. 
I 



































































11 CYCLE 16 I 
75 IT 1,180 
CYUB t 1 0  
75 I T  11 5 070 I 1.140 
150 ii 11 12 100 1 2:720 
225 IT 19 130 4,300 
300 IT 27 270 6,130 
400 IT 37 410 8.L10 
I( CYCLE #15 $1 ii 1 :4 1:: 1 2,590 98  
3,920 
300 IT 25 620 5,760 
400 IT 35 320 7.940 
Newtons I (Pounds) u Newtons I (Pounds 
CYCLE #1 n CYCLE Iy1 
I II 1 
7 830 1 ::.7," I 5 870 1 1,320 
17 260 12 990 2,920 
27 220 6,120 23 310 5,240 
36 250 8,150 32 430 7,290 
49 510 11,130 47 280 10,630 
CYCLE #Z CYCLE #2 
22 770 5,120 
33 940 31 400 7,060 
45 810 10,300 42 300 9,510 
CYCLE #3 CYCLE I 3  
CYCLE 114 CYCLE 114 
5 920 1,330 5 690 1,280 
13 430 3,020 13 170 2,960 
21 260 4,780 20 910 4,700 
29 940 6,730 28 380 6,380 
42 430 9,540 41 280 9,280 
CYCLE #5 CYCLE 115 
5 340 1,200 5 780 1,300 
12 940 2,910 12 590 2,830 
20 550 4.620 19 790 4,450 
28 820 6,48Cl 28 160 6,330 
40 830 9,180 39 900 8,970 
CYCLE #6 CYCLE #6 
I 1 
27 440 
CYCLE 110 CYCLE 110 
LO 940 2,460 11 430 2,570 
17 930 4,030 18 010 4,050 
25 580 5,750 25 000 5,620 
37 140 8,350 37 900 8,520 
CYCLE 111 CYCLE 111 
4 540 
25 440 
CYCLE #15 11 CYCLE #15 
I I, 1 
1: 2:: I 2% 11 1: 2: I 2,;: 
16 590 3.730 16 950 3.810 
23 750 5.340 23 800 5;350 
34 210 I 7I690 11 35 850 I 8.060 
Newtone 1 (Pounds) 11 Newtons I (Pounds) 
CYCLE #1 
7 470 1,680 
16 860 3,790 
25 840 5,810 
35 720 8,030 
50 130 11,270 
CYCLE #2 CYCLE #2 
6 890 1,550 
14 950 3,360 
23 660 5.320 
32 430 7,290 
46 300 10,410 
CYCLE 1 3  CYCLE P3 
6 890 1,550 
14 540 3,270 
22 910 5,150 
31 450 7,070 
45 990 10.340 
CYCLE 114 11 CYCLE <{4 





T * ' I T *  denotes i n s t a l l a t i o n  torque. 
2/ Bolt-nut assembly t e s t e d  i n  Traneducer Controls load c e l l .  
Ind ica tor .  






TABLE NO. V I  J 19 
RESULTS OF 15-CYCLE INSTALLATION TQlQUE-TENSION TESTS OF 
NAS 658 SERIES SHORT THReAD NBX HEAD TITANIUM ALLOY BOLTS 
TEST CONDITION: 
Bolt  Par t  No.: 
Thread Size: 1/2-20 W-3A 
Bolt Mater ie l :  6A1-4v TITANIUM ALLOY 
Bolt Finish: B A U  
Bolt Spec i f iea t lon .  NAS 621 
TORQUE FRW BOLT HEhD 
MS 655 V32 
DESIGN CLAMP LMD: 91  180 Newtons ( 20,500 Pounds) 
N u t  Part  No.: H14-8 
Nut Mater ie l :  
Nut Finish: DRY FILM LUBE OVER CADMIUM PLATE 
Washer Par t  NO. : AN960416 
Hole Sine: 12.827 m ( 0.505 in.) 
















































(in-lbf) Newtons I (Pounds: 
Y 
350 I T  1 5  700 
720 I T  /I 33 760 1030 I T  51 110 3,530 7,590 11.490 
1440 I T  1 55 190 I 14:830 





360 I T  
720 I T  11 2: iz: I 
1080 I T  4 1  060 3,230 
14/+0 I T  56 380 12.810 
CYCLE 14 
353 IT 
720 I T  20 510 4,610 
1080 IT 38 300 8,610 
1440 IT 52 660 11,840 
2040 IT 96 560 19,460 
CYCLE 1 5  
363 IT 
720 I T  1) 2: :;i 1 :$: 
1080 IT 35 980 8.090 
1440 IT 
2040 IT 
CYCLE X 1 1  
360 IT 
720 




9 700 1 2,180 I 
CYCLE C3 
7 610 1,710 9 500 
18 280 4,110 20 370 
31 670 7,120 33 180 
43 190 3,710 46 170 
67 080 15,080 69 920 
22 680 5,100 23 260 
37 140 8,350 37 540 
50 930 11,450 
74 010 16,6$0 75 880 












CYCLE (14 CYCLE 114 N CYCLE %4 
I n I n I 
7 380 I 1,660 7 870 1,770 
17 610 3,960 18 363 $,240 
29 490 5,630 31 450 7,070 
42 480 9,550 43 720 9,830 
67 740 15,230 67 570 15,190 
CYCLE 85 CYCLE C5 CYCLE 1 5  
I I I I 7 330 6 720 1 1:510 
15 350 3,450 17 880 4,020 
28 650 6.440 29 550 
40 700 9,150 42 520 9,550 
62 230 13 990 64 270 14 450 I 1 CYCLE 1 6  CYCLE 86 CYCLE 16 
CYmz 110 11 CYCLE #10 11 CYCLE #lo 
I ll I I 
Newtons (Pounds1 
CYCLE # l  I 
i 
CYCLE #3 






T ' I T T '  denotes i n s t a l l a t i o n  torque. 
21 Bolt-nut assembly t e s t e d  i n  Transducer Controls load c e l l .  
Ind ica tor .  





TABLE NO. VI 5 2 0  
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
NAS 658 SERIES SHORT r m m  HEX HPAD TITANIUM ALLOY BOLTS 
TEST CmITION: TWUB FRW BOLT HgAD 
Bolt Part  No. : NAS 658 V32 
Thread Size: 1/2-20 m-3~ 
Bolt Mater ia l :  a i - 4 v  TITANIN ALLOY 
Bolt F in ish :  BARE 
Bolt  Spec i f ica t ion .  ~s 621 
DESIGN ClJUlp LOAD: 91  180 Newtons ( 20,500 Pounds) 
N-x Part  No. : NAS679A8 
Nut Mater ia l :  STEEL 
Nut F in ish :  DRY FILM LUBE OVER CADMIUM PLATE 
Washer Part No. : AN960-816 
















































( in- lbf )  Newtons 1 (Pounds 
SPECIMEN NO. U-T222 SPECIMEN NO.U-TZ23 SPECIMEN NO. U-T224 SPECIMEN NO. SPECIMEN NO. 
INDUCED CLAMP LOAD ' I  
CYCLE 81 
I 
360 I T  
720 I T  
1080 I T  
1440 I T  
2160 I T  
360 IT 
720 IT 
1080 I T  
1440 I T  












II CYCLE g4 
11 CYCLE 
360 I T  5 470 
720 I T  11 1 4  5kO 
1080 I T  25 090 
1440 I T  35 740 



























CYCLE #2 11 CYCLE #2 
li 63: I 1,940 I 7 650 I 1,720 4 18  18 410 $,140 
29 620 6.660 I 29 130 6.550 
1 6 890 6 980 I 1:570 1:550 
16 553 3,720 16 370 3,680 
28 870 5,490 28 290 6,360 
40 610 9,130 $0 250 9,050 
70 103 15 760 58 810 15 470 
CYCLE 16 CYCLE 16 
1 5  390 3,460 14 990 3,370 
27 000 6,070 26 200 5,890 
38 390 8,630 37 850 8,510 
67 160 1 5  109 66 500 14 950 
CYCLE 110 CYCLE #10 
28 020 26 550 
1 5  260 3,430 15 430 iI:3: 
25 580 5,750 26 070 5,860 
35 980 8,090 36 340 5,170 
61 290 13,780 52 580 14,070 
5 520 1 1,240 I 6 050 
CYCLE #15 CYCLE 115 
33 850 7;610 
55 220 I 13.090 11 I 
Newtons I (Pounds) 11 Newtons I (Pounds: 
NOTES. 
T * ' l T t  denotes i n s t a l l a t i o n  torque. 
21 Bolt-nut assembly t e s t e d  in Transducer Cantrole l a d  c e l l .  
Ind ica tor .  
Tensile clamp load determined frcm BBI Strain  
TABLE NO. V I  K 1 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
NUTS SUBSTITWED AT 6TH CYCLE 
NhS 654 SERIES SHORT THRBM) H U  BBAD TITANIIM ALLOY BOLTS WITH NEW 
TEST CONDITION: TORQUE BROM WI 
Bolt Pa?t No. : 
Thread size: 1\4-28 m-3A 
Bolt Mater ia l :  6A1-4V TITANIIM ALLOY 
Bolt Finish: BARE 
Bolt Spec i f i ca tLon:  NAS 621 
ws 654 y 14 
DESIGN CLAMP LOAD: 20 680 Newtons ( 4,650 Pounds) 
Nut Par t  NO. : RM52LH3324-048 
Nut Mater ia l :  STEEL, BBAT TREATED 
Nut F in ish :  
Washer Per t  No. : AN960-416 
Hole Size: 6.452 w ( 0.254 in.) 






































i l  
:in-lbf) 
25 I T  
50 I T  
75 IT 
100 IT 





140 I T  
25 IT 
50 I T  









50 I T  
75 IT 






















SPECIMEN NO. u - ~ 2 2 5  SPECIMEN NO.u-~226 SPECIMEN NO.U-T227 SPECIMEN NO. U-TZ28 SPECIMEN NO. 
INDUCED CLAMP LOAD 
340 
47i  1 330 1 290 290 1 510 2,100 9 160 2,060 8 720 1,960 
13 740 3,090 13 390 3,010 13 170 2,960 
21 260 4,780 20 100 4,520 20 020 4,500 
I n I I 
1,210 5 340 1,200 4 980 1,120 
CYCLE 13 1 CYCLE C3 CYCLE 13 
1 420 1 320 I/ 1 420 1 320 I 1 330 1 300 
4 800 1,080 4 980 1,120 4 630 1,040 
8 540 1,920 8 500 1,910 7 920 1,780 
12 410 2.790 12 680 2.850 11 700 2.630 
19 130 1 4;300 11 19 570 I 4:400 11 19 220 I 41320 
CYCLE #4 
1 250 280 1 070 240 850 190 
4 270 960 4 580 1.030 1 7R0 8 50 _ .  .. 
7 430 1,670 7 960 1:790 7 160 1,610 1 10 850 2,440 11 920 2,680 1 0  900 2,450 17 210 3,870 18 370 4,130 17 880 4,020 
CYCLE #5 CYCLE 1 5  CYCLE US 
1 110 250 1 070 240 980 220 
3 870 870 4 360 980 4 090 920 
7 OM 1,580 7 430 1,670 7 290 1,640 
10 270 2,310 11 120 2,500 I1 080 2,490 
16 150 3,630 17 970 4,0$0 18 010 4,050 
CYCLE 16 CYCLE 1 6  CYCLE C6 
Newtons 1 (Pounds) Newtons (Pounds1 
CYCLE (I1 I CYCLE 81 
I n I 
1 380 310 
5 380 1,210 
13 660 3,070 
20 730 4.660 
8 810 1,980 
CYCLE 12 CYCLE #Z 
I I 
CYCLE 1 3  CYCLE it3 
7 560 1,700 
11 970 2,690 
18 730 4,210 
CYCLE #4 CYCLE #4 
I 
-%- I 
1 600 360 
4 490 1,010 
7 470 1,680 
11 210 2,520 
16 860 3,790 
CYCLE X 1 1  CYCLE #11 
1 160 260 
4 580 1.030 
7 340 1,650 
1 0  810 2,430 
16 590 3,730 
CYCLE #15 CYCLE 115 
GALLING 
13TH C V Z E  
'lT' denotes i n s t e l l a t i o n  torque. 
Bolt-nut assembly tea ted  in Transducer Controls load c e l l .  Tenaile clamp load determined from X-Y curve 
- frmMoseley Autograf Beeorder. 
460 
TABLE NO. VI K 2 
RESULTS OP 15-CYCLE INSTALLATION TDRQUE-TmSlON TESTS OF 
NAS 654 SERIES SHORT TllREAD RBX HEAD TITANIUM ALLOY BOLTS WITH NEW 
NUl'S SUBSTITmED AT llTH CYCLE 
TEST CONDITION: ToRgue pR(EI 
Bolt Part  No.: 
Thread Size: 1/4-28 w-3~ 
Bolt Mater ia l :  6 ~ 1 - 4 v  TITANIUM ALLOY 
654 v 14 
Bolt Finish: 
Bolt Spec i f ica t ion :  us 621 
DESIm CLAMP LOAD: 20 680 Newton8 ( 4 , 6 5 0  Pounds) 
Nut Part  No. : RpL52~~3324-048 
Nut Mater ia l :  STEEL, HEAT TREATED 
Nut F in ish :  DRY FILM LUBE OVBR CADMIUM PLATE 
Washer Par t  No. : AN960-416 
Hole Sire: 6.452 om ( 0.254 in . )  






































I SPECIHEN NO. U-T229 1 SPECIMEN NO. U-T23011 SPECIMEN NO. U-T231[ SPECIMEN NO.U-TZ32 I SPECIMEN NO. 1 1  - 
[in-lbf) Newtons I (Pounds 
CYCLE I1 
25 I T  1 200 270 
50 IT 5 120 1,150 
75 IT 9 160 2,060 
100 IT 1 3  260 2,980 
140 IT 19 970 4,490 
CYCLE #2 
25 I T  890 200 
50 I T  4 940 1,110 
75 IT 8 410 1,890 
100 IT 12 590 2,830 
140 IT 19 170 4,310 
CYCLE X3 
25 IT 1 070 240 
50 I T  5 030 1,130 
75 I T  8 670 1,950 
100 IT 12 900 2,900 
140 IT 20 370 4,580 
CYCLE #4 
25 I T  1 070 240 
50 IT 4 890 1,100 
75 IT  8 720 1,960 
100 IT 12 810 2,880 
140 IT 20 100 4,520 
CYCLE Y5 
I 
(1 7 430 75 IT 1 1,670 
100 IT 11 250 2,530 
140 IT 18 150 4,080 
CYCLE #IO 
CYCLE #11 
75 IT 2,070 
INDUCED C W  LOAD 
930 210 I 11;: 1 320 
4 980 1,120 5 120 1,150 
8 900 2,000 2,030 
13 170 2,960 13 120 2,950 
20 240 4,550 19 930 4,480 
CYCLE 1 3  CYCLE 03 1 1 200 760 1 170 1 270 
4 630 1,040 4 630 1,040 
8 410 1,890 8 140 1,830 
12 590 2,830 12 050 2,710 
19 300 4,340 18 860 4,240 
CYCLE 4 CYCLE #4 
760 170 980 220 
4 140 930 4 000 9 00 
7 470 1,680 7 070 1,590 
10 990 2,470 10 720 2.410 
17 660 3.970 16 810 3.780 
CYCLE #6 CYCLE #6 
880 180 890 200 
4 140 930 3 780 850 
7 610 1,710 6 940 1,560 
10 900 2,450 10 410 2,340 
17 530 3,940 16 410 3,690 
CYCLE #10 CYCLE # l o  
930 210 890 200 
3 910 880 3 830 860 
7 380 1,660 7 030 1,580 
10 500 2,360 10 230 2,300 
16 860 3,790 15 880 3,570 
CYCLE #11 CYCLE #I1 
I I 
2 760 670 
6 810 I 1,: 11 ?:: I 1,600 10 720 2.410 11 390 2.560 
15 080 3.390 1 5  430 3;470 
21 440 I 4:820 22 110 I 4,970 
CYCLE Y15 CYCLE #15 
1 600 360 1 330 300 
5 560 1,250 5 290 1,190 
9 340 2,100 9 070 2,040 
I2 990 2,920 13 480 3,030 
19 130 4,300 19 390 4,360 
Newtons t (Pounds 
CYCLE # l  
CYCLE #2 
 
20 060 I 4;510 
CYCLE #3 
l; ;g 1 1,720 
2,540 







3 250 730 
7 560 1 1,700 
11 790 2,650 
16 100 3.620 
22 770 1 5;120 
CYCLE #15 
Newtons I (Pounds1 
CYCLE #l  
1 CYCLE #2 
-l 





CYCLE I 1 0  
 CYCLE #I1 
-7- CYCLE #15 
N(IIKS. 
T . ' I T '  denotes i n s t a l l a t i o n  torque. 
El Bolt-nut assembly t e s t e d  i n  Trsnaducer Control. load c e l l .  
from Moseley Autograf Recorder. 
Tenaile clamp load determined from X-Y Curve 
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TABLE NO. V I  K 3 
RESULTS OF 15-CYCLE IUSTALUTION TORQKE-TENSION TESTS OF 
NUTS SUBSTITUTED A!l' 6TH CYCLE 
NAS 654 SERIES SHORT THRPAD HEAD TITANIW ALLOY BOLTS WITH NEW 
TEST CONDITION: TORQUE FRW NUT 
Bolt  Part  NO.: NAS 654 V14 
Thread Size: 1/4-28 u L P p - 3  
Bolt Mater ia l :  6 A 1 4 V  TITANIM ALLOY 
Bolt F in ish :  B4RE 
Bolt Soec i f ica t ion :  NAS 621 
DESIGN CLAW LMD: 20 680 Newtons ( 4,650 Pounds) 
Nut Part  No.: F52LH3324-048 
Nut Material:  STEEL, REAT TREATED 
Nut F in ish :  
Washer Par t  NO. : AN960-416 
Hole Size: 6.452 orm (0.254 i n . )  




















































50 I T  
75 I T  




100 I T  
75 IT 





125 I T  -
25 IT 
50 IT 


















25 I T  
50 IT 








SPECIMF.N NO. U-T233 SPECIMEN NO. U-T234 SPECIMEN NO. U-T235 
Newtons 1 (Pounds 
CYCLE #I  
530 
6 850 1,540 
1; :E 2,600 
16 100 3,620 
20 460 4,600 







: E I 1.;:: 
10 450 2.350 
14 860 3;340 





10 230 I 








I .  
CYCLE 115 
AMP LOAD 
Newtons 1 (Pounds 




CYCLE 1 5  I 
CYCLE 66 
CYCLE #11 
: E I 
9 560 2.150 
SPECMEN N0.U-T236 SPECIMEN NO. 
Newtons I (Pounds) Newtons 1 (Pounds2 
CYCLE #I  1) CYCLE #I 
I 
CYCLE #2 11 CYCLE 82 
I n I 
15 970 
I 2 670 600 7 120 I 1.600 11 
11 520 2;590 
3,590 
20 990 I 4,720 
CYCLE #3 11 CYCLE #3 
I II I 
CYCLE #4 CYCLE #4 
CYCLE 15 CYCLE #5 
14 230 
2 670 1 600 
CYCLE #I5 
1,960 
12 900 2,900 
17 930 4 030 
6 410 1,440 
10 320 2,320 
14 630 3,290 
19 790 4 ,450 
CYCLE 111 CYCLE 111 
2 450 550 
6 180 1,390 
9 790 2,200 
13 920 3,130 
19 530 4,390 
CYCLE #lS 
2 310 520 
5 380 1,210 
8 720 
.030 
-T CYCLE #lS 
'IT' denote. i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  in Transdwer  Controls load cell. 
f r m  noseley Autograf Recorder. 
Tensile clamp load determined from X-Y curve 
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TABLE NO. V I  K 4 
BgSULTS OF 154YCLE 1KS"ALLATION TCRqW-TENSION TESTS (Ip 
NAS 654 SBBIIS SHORT T B R W  HEX HRAU TITANIUM ALLOY BOLTS WITH NEW 
NVPS SUBSTITWED AT l l T H  CYCLE 
TEST CONDITION: TORQUE FROM NUT 
Bolt Part  No.: NAS 654 v14 
Thread Size: 1/4-28 um-3 
Bolt Mater ia l :  641-4V TITANIIM ALLOY 
Bolt  F i n i s h :  BARB 
Bolt SDecificstion. NAs 621 
DESIGN Mllp LMD: 20 680 UWLOnm ( 4,650 Pounds) 
Nut Par t  NO.: P52LH3324-W8 
Nut Mater ia l :  STBBL, U T  W T E D  
Nut F i n i s h :  
Washer Par t  No. : AN960-416 
-til4 PLATE, 99-P-416, TYPE 11, C U S S  3 























































25 I T  
50 IT 
75 I T  
100 IT 
125 IT 









125 I T  
25 IT 
50 I T  
75 I T  
100 IT 








75 I T  
LOO IT 














00 I T  
25 ?.TO 
SPECIMEN NO.U-T237 SPECMEN NO.u-~238 SPECIMEN NO.U-T239 SPECIMEN NO.U-TZ40 SPECIMEN NO. 
INDUCED 
2 670 , 1:; 1 2 050 , 1; 
7 470 1 :::b: 7 070 1 1,590 
12 100 2,720 11 610 2,610 
17 350 16 640 3.740 
22 550 5,070 21 710 4,880 
2 940 2 363 
7 470 1,680 7 120 1,600 
11 970 2,690 10 390 2,470 
17 080 3,840 16 103 3,620 
22 020 4.950 21 310 4.790 
CYCLE 12 CYCLE #2 
CYCLE 1 3  CYCLE #3 
1,610 6 410 1,440 
11 480 2,580 10 900 2,450 
16 720 3,760 15 390 3.460 
21 880 4,920 21 800 4,703 
CYCLE #4 CYCLE 4 
2 580 
6 890 1 1,;: I E I 1,:; 
11 160 2,510 10 320 2,320 
1 5  830 3.560 1 5  030 3.380 
20 820 4;680 20 640 I 4;640 
CYCLE #5 CYCLE #5 
6 320 1,420 5 780 1,300 
10 500 2,360 9 920 2,230 
1 5  300 3,440 14 500 3,260 
20 820 4 680 20 280 4 560 
CYCLE 16 
2 090 1 $,::: I 1 870 1 ,420 
6 050 1,360 5 520 1,240 
10 230 2,300 9 650 2,170 
14 770 3,320 14 540 3.270 
19 750 20 020 4 500 
CYCLE $10 CYCLE #10 
CYCLE X11 CYCLE #ll 
2 400 1 1,$: 1 2 453 1 550 
6 140 6 050 1.360 
10 500 2,360 10 680 2,400 
14 990 3,370 14 900 3,350 
19 750 4,440 20 590 4,630 
W LOAD 
Newton8 I (Pounds) Newtons 1 (Pounds) Newtons I (Pounds) 
CYCLE #I CYCLE #1 CYCLE I1 
I I I 
2 450 
7 380 1 1,: 
16 860 3.790 I 16 410 i:: I 3.690 I 11 790 2,650 11 520 1 
2 540 570 2 310 520 
6 360 1,430 6 760 1,520 
10 410 2,340 11 030 2,480 
1 5  120 3,400 15 610 3,510 
20 330 4,570 21 440 4,820 
2 220 500 2 000 450 
5 650 1,270 
9 870 2,220 
' 
," i;: I 
14 280 3,210 14 140 3,180 , 
19 350 4.3 50 20 100 4 520 1 
CYCLE X6 I CYCLE #6 A CYCLE #6 
140 I 480 n 850 I h40 II I _. .. ~ .. 
5 200 1,170 6 230 1,400 
9 610 2,160 10 630 2,390 
14 140 3,180 1 5  210 3,420 
19 390 6,360 20 990 4,720 
'IT' denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t e d  in Transducer Controls l a d  cell. 
from noseley Autograf Recorder. 
Tensile clamp load determined from X-Y curve 
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TABLE NO. V I  K 5 
RESULTS OF 15-CPCLE INSl'ALIATION TORQUE-TENSION TESTS OF 
NAS 654 SERIES SHOBT TtIKEAD HEX llBAD TITANIUM ALLOY BOLTS WITH NEW 
NUI'S SUBSTITVPED AT 6TR CYCLE 
TEST COIYDITION: TORQUE PRDH Nm 
Bolt Pert No.: NAS 654 VI4 
Thread Size: 11438  m-3A 
Bolt Material: 6A1-4V TlTANIM ALLOY 
Bolt F i n i s h :  BARB 
Bolt Specification: NAS 621 
DESIGN CLAW LOAD: 20 680 NewtonB I 4,650 Pounds) 
Nut Part NO.: NAS679C4 
Nut Material: A286 CRES 
Nut Finish: 
Washer Parr NO. : AN960-416 
Hole Size: 6.452 mn ( 0.254 in . )  
SILVER PIATE PER AIS2410 











































50 I T  3 420 770 
100 IT 5 580 1,480 
150 IT 9 870 2,220 
200 IT 12 720 2,860 
235 I T  15 030 3,380 
CYCLE 13 
I 
235 I T  11 14 370 3;230 
CYCLE #4 
150 IT 2,033 
150 IT 1.780 
50 IT 
103 I T  
150 IT 
203 IT 















13 430 I 3;020 







3 650 1 820 
7 560 1.700 
11 520 Zi590 
15 120 3,400 





10 450 2,350 
12 500 2,810 
 
CYCLE #6 
2 940 I 660 ...
CYCLE 110 
 
12 010 I 2:705 
CYCLE 111 
2,070 
NOTES: 7 'IT' denote. inntallation torque. 
y Bolt-nut essnnbly teated in Transducer Controls l w d  cel l .  
fr- noseley Autograf Recorder. 
Tensile c l a p  load determined from X-Y curve 
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TABLE NO. VI K 6 
RESULTS OF 15-CYCLE IIiSTALIATION T C S J ~ J ~ ~ ~ ~ E N S I O N  T E m S  OF 
IW 654 SERIES SAMLT TltRPAD REX HPAD TITANIUM ALLOY BOLTS WITH NEW 
NUTS SUBSTITUTED AT llTH CYCLE 
TEST COKDITION: TORQUB FRDM NUT 
Bolt Part NO.: 
Thread Sire: 1/4-28 1~0-u 
Bolt Material: 6A1-4V TITmIM ALLOY 
Bolt Finish: BARg 
Bolt Specification: NAS 621 
K4S 654 m4 
OBSICll cunp L M D :  20 680 Newtmi ( 4,650 Pounds) 
Nut Par(. NO. : NAS679C4 
Nut Material: U 8 6  CRES 
Nut FLnish: 
Washer Part No. : AN960-416 
Hole Size: 6.452 m ( 0.254 in.) 
















































E SPECIHEN NO.LLT244 SPECIMEN NO.U-T24 
Newtons I (Pounds) 1 Newtons I (Pounds, 
I II I 
y INDUCED 
(in-lbf) 





235 - I . II I -  
I I 
CYCLE #2 1 CYCLE I 2  
50 IT 3 200 720 3 290 740 
100 I1 1,400 6 500 1,470 
150 IT 2,070 9 920 2,230 
203 IT 12 050 2,710 12 850 2.890 
235 IT 14 370 3,230 15 210 3,420 ," 1 
CYCLE 13 CYCLE #3 
PT I I 
50 IT 1 zz: 630 I 3 070 1 690 100 IT 1,25 6 450 1,450 
150 IT 8 580 1,930 9 870 2,220 
200 IT 11 250 2,530 12 720 2,860 
235 IT 13 520 3,040 15 480 3,480 
CYCLE 14 CYCLE 4 
100 IT 4 940 1,110 5 030 1,130 
150 IT 7 520 1,690 7 830 1,760 
200 IT 10 140 2,280 10 990 2,470 
235 IT 12 050 2.710 13 700 3,080 
CYCLE 16 11 CYCLE #6 I II I 
50 IT 2 140 400 i: 1 4 2 I 1 1 1,060 
1.720 
200 IT 9 960 2.240 10 810 2.430 
200 IT 9 470 2;130 9 790 2:ZW 
235 IT 11 340 I 2,550 11 830 I 2,660 












600 1 1 W 1 1 1 1,280 10 900 2,450 10 540 2,370 12 720 2.860 12 810 2.880 1,820 
8 760 1'970 7 250 lib30 I( 10 320 I 21320 I 8 720 I 1,960 
I SPECMEN NO. SPECIMEN NO.U-T246 SPECIMEN NO. W LCAD 
Newtons 1 (Pounds 
CYCLE #1 
7
3 910 880 
7 700 1 1,730 
11 700 2,630 
15 080 3.390 




600 i :{! 1 1,380 
13 480 3.030 
2,190 
15 660 I 3;520 
CYCLE #4 
1,880 
CYCLE #5 I 
I IIH 1 






-i7-"ITT' dcnoten in8tallation torque. 
El Bolt-nut assembly tested in Transducer Controls load cell. 
from Moseley Autograf Recorder. 
Tensile clamp load determined from X-Y curve 
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TABLE NO. VI K 7 
BBSULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
NAS 654 SERIES S H m  T W  HBX WAD TITANIM ALLOY BOLTS WITH NKW 
NUTS SUBSTITDTED AT 6TH CYCLE 
TEST CCIVDITION: TmQm mm NUT 
Bolt Part  No.: NAS 654 V29 
Thread Size: 1/4-28 m-u 
Bolt Mater ia l :  6Al-4v T I T A N l m  ALLOY 
Bolt Finish: BARB 
Bolt Spec i f ica t ion .  NAS 621 
DESIGN CLAMP LMD: 20 680 Newtons ( 4,650 Pounds) 
Nut Par t  No.: Iw2LW324-048 
W u t  WteI ' i s l :  STEEL, HEAT TREATEU 
Nut F in ish :  DRY FIlM LUBE OVER CADHIlM PLATE 
Washer Par t  No. : M 6 0 - 4 1 6  
Hole Size: 6.452 mm ( 0.254 in.) 
E 1/ 
( in- lbf )  
25 I T  
75 IT 
50 I T  
100 IT 
140 IT 

















Newtons I (Pounds 
CYCLE #l   




Newtons I (Pounds) 
CYCLE #1 CYCLE #1 
1 110 I 250 
4 090 920 
1,340 
CYCLE #2 CYCLE t 2  CYCLE $2 
-7- 
CYCLE X2 I
t 2: 1 1,;;: 









100 I T  
140 IT 
















































200 ::: 1 940 
1,830 
12 010 2.700 
I70 
1,810 
CYCLE 14 - 18 900 I 4;250  CYCLE #4 CYCLE #4 1 50 550 2,740 3,940 1,210 - 180 4 % I 950 8 010 1.800 170 11 340 I :!55: 18 190 





























3 560 800 
7 560 1 1,700 
11 520 2.590 
1 5  660 3.520 
4 000 900 
7 780 1 1,750 
11 880 2,670 
16 500 3,710 













CYCLE # l o  
1 CYCLE #11 

















100 I T  
140 I T  
25 IT 
50 IT 
75 I T  
100 I T  
140 IT 
1 690 380 
7 650 1 1,720 
10 630 2,390 
16 460 3.700 
4 890 1,100 
2 180 490 i 208 1 1,170 
1,870 
11 160 2.510 
16 3TO 1 3;680 
CYCLE #15 
, -  
CYCLE t 1 5  








25 I T  
50 I T  
75 I T  
100 IT 
140 IT - 
NOTES: 7 'IT' denotes i n s t a l l a t i o n  torque. 
9 Bolt-nut assembly tea ted  i n  Transducer Controls load c e l l .  
Ind ica tor .  
TenBile clamp load determined from BBI Strain 
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RBSDLTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
Lus 654 SERIES SHCRT THREAD HBX HBU) TITANIW ALLOY BOLTS WITH NEW 
I?Ul'S SUBSTITVtED AT l l T H  CYCLE 
TEST CONDITION: TORQDE FRCM I?Ul' 
Bolt Par t  No.: NAS 654 v29 
Thread Size: 1/4-28 DNT-3A 
Bolt Mater ia l :  6A1-4V TITANIUI ALLOY 
Bolt F in ish :  BARE 
Bolt SDecification. NAS 621 
DESIW cup(p LWD: 20 680 Newton. ( 4,650 Pounds) 
Nut Par t  No.: RH52LH3324-048 
Nut Mater ie l :  STEEL, HEAT TRPATED 
~t Fin ish :  
Waaher Par t  No.: AN960-416 
Hole Sire: 6.452 ~rm (0.254 in . )  





















100 I T  





140 IT - 
25 IT 



















25 I T  
50 IT 
75 I T  
100 IT 
140 I T  -
25 I T  





SPEC- N0.U-T251 SPECIMEN N0.U-TZI 
Newton8 (Pounds: 
CYCLE X I  
CYCLE 12 
I 
19 350 I 4;350 
CYCLE 1 3  
11 970 2:690 
18 730 1 4,210 
 CYCLE #4 
190 ; I 960 
1,720 
11 300 2.540 
18 240 I 4;lOO 
CYCLE #5 
1,660 






CYCLE 115  






3 E 1 :;," 
7 030 1.580 
11 160 2;510 
18 010 I 4,050 
CYCLE X5 
1,520 
CYCLE #6 v 
180 




I .  
CYCLE 115 
SPECIMEN N0.U-T253 SPECIMEN NO.LLT254 SPECIMEN NO. 
NP 'LOAD 
Newtons I (Pound 
CYCLE XI ----r-- 
CYCLE X2 
CYCLE 1 3  
1,850 
CYCLE 114 
CYCLE 1 5  I 
CYCLE 16 
I 
5 E," I 1,;:: 
8 270 1.860 
CYCLE 111 
I 
2 760 620 
7 430 1 1,670 
12 280 2,760 
16 590 3.730 
23 840 I 5;360 
 
CYCLE #15 
Newtons I (Pound: 
I 
CYCLE X 1  
1,930 
CYCLE X2 
4 800 1,080 
12 990 2,920 




4 360 980 
8 140 1 1,830 
12 010 2,700 





1 0  850 
CYCLE 211 
3 160 710 
7 290 1 '  1,640 
11 610 2,610 
16 100 3.620 
22 860 I 5;140 
CYCLE 115 
11 880 2,670 
17 440 3,920 
Newtons I (Pounds) 
CYCLE I 1  
CYCLE #2 
 CYCLE #3 
CYCLE #4 
1 CYCLE 15 
CYCLE #6 
CYCLE 810 I CYCLE 111 
I CYCLE Ul5 
T I I T '  denotes i n a t a l l a t i o n  torque. 9 Bolt-nut .ssemblY tea ted  in Transducer Controls load c e l l .  
Ind ica tor .  
Tens i le  clamp load determined f r m  RBI S t r a i n  
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TABLE NO. VI K 9 
t 
RESULTS OF 15-CYCLK INSTALIATION TORQUE-TENSION TESTS OF 
NUX3 SUBSTITVFED AT 6211 CYCLE 
WS 654 SBBIBS SUORT THRFAD HEX W D  TITANIM ALLOY BOLTS WITH NEW 
TEST CamITION: TO?.QUB PBDn WJ! 
Bolt Part No. : NAS 654 VZJ 
Thread Size: 1/4-28 UNF-U 
Bolt Material: 6A1-4V TITANIW ALLOY 
B o l t  Finish: BARB 
Bolt Specificatlo": NAS 621 
DBSIGW CLAMP LMD: 20 680 Newtons ( 4,650 Pounds) 
Nut Part No. : 352LJi3324-048 
Nut Material: STEEL, HEAT TREATED 
Nut Finish: 
Waaher Part No.: Ambo-416 
Hole Sire: 6.452 m (0.254 i n . )  



















































SPECDEN NO.U-TZ55 / SPECMEN NO.U-TZ56 11 SPECIMEN NO.U-TZ57 I SPECIMEN NO.U-Tz58 1 SPECIMEN NO. 
Newtons I (Pounds) 1 Newtons I (Pounds 
i/ INDUCED W LOAD 
CYCLE 11 11 CYCLE 11 
100 ;i 16 720 3;760 14 810 3;330 
125 IT 22 200 I 4,990 19 660 1 4,420 
CYCLE 12 CYCLE 12 
I 
25 IT 
50 1T 11 ti: 1 1,;; 1 ; % I 1,:;
75 IT 13 970 3,140 12 100 2,720 
100 IT 19 660 4.420 17 170 3.860 
125 IT II 24 150 I 5:430 n 21 170 I 
CYCLE #3 CYCLE 13 
CYCLE #4 
3 020 
53 ;T 11 8 360 I 1,880 I 7 210 I 1,620 75 IT 12 903 2,900 11 480 2,580 100 IT 18 010 4,050 15 970 3,590 125 IT 23 530 5,290 20 680 4.650 
1 .  
. CYCLE 15 CYCLE C5 
25 IT 2 803 630 2 450 550 
50 IT 7 290 1,640 6 500 1,470 
75 IT 12 230 2,750 10 900 2,450 
100 IT 17 650 3,970 15 570 5,500 
125 IT 23 170 5,210 20 420 4,590 
CYCLE #6 CYCLE #6 
25 IT 3 010 690 2 760 620 
50 IT 7 650 1.720 6 940 1.560 
75 IT 13 660 3,070 12 190 2,740 
100 IT 19 390 4,360 17 080 3,840 
125 IT 24 950 5,610 22 150 4,980 
CYCLE 410 h FICLB #IO 
25 IT ,":: 1 Ill0 1 1 650 I 370 
50 IT 1,330 5 340 1,200 
75 IT 11 210 2,520 9 920 2,230 
100 IT 16 010 3,600 14 280 3,210 
125 IT 21 710 4,880 19 260 4,330 1 CYCLE 111 CYCLE C11 
25 IT .-. --_ ;z f; 1 800 3 380 760 1,620 6 490 1,460 
100 IT 12 770 2,870 11 030 2,480 
125 IT 15 610 3,510 13 880 3,120 
Newtons I (Pounds 
CYCLE 11 
 
1 730 390 
6 890 I 1.550 
11 120 2;500 
16 190 3,640 
20 640 4,640 
CYCLE 12 
CYCLE 13 r 
CYCLE #4 
1 
19 700 1 4;430 
CYCLE 15  
14 500 3,260 
19 440 4,370 
CYCLE 16 
















CYCLE 110 1 CYCLE 110 
1 n 1 
Wl'ES' 
T * ' I T '  denotes installation torque. 
9 Bolt-nut assembly tested in Transducer Controls load cell. 
Indicator. 
Tensile clamp lmd determined from BBI Strain 
, 
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TABLE NO. VI K 10 
RESULTS OP 15-CYCLE INSTALIATION TORQUE-TENSION TESTS OP 
NAS 654 SERIES S E W  THI(BAD EEX lIpAD TITIWIIM .ALLOY BOLTS WI2H NEW 
NUTS SoBSTIl’TmeD AT 11m CYCLE 
TEST C0M)ITION: TORQUE FROH WVI: 
Bolt Part No.: NAS 654 V29 
Thread Size: 1/4-28 m r p - s  
Bolt Material: 66148 TIlXNIUN ALLW 
Bolt Finish: B M  
Bolt Specification: NAs 621 
DESIGN CLAMP LIMD: 20 680 Newtons ( 4,650 Pounds) 
Nut part NO.: 352183324-048 
Nut Material: STEEL, WAT TRBbTED 
Nut Finish: 
Washer Part No. : AN960416 
Hole Sire: 6.452 m ( 0.254 in.) 















































125 IT 11 20 420 
25 IT 
50 IT 
75 IT lo;l 
100 IT 15 350 
125 IT 19 790 
INDUCED CUW LWD 
480 ! 2 490 I 560 I 2 580 I 580 I 2 310 I 520 I 1 
5 740 1 1.290 6 000 1 1,% :$: 1: 2:; I ;$: 10 100 2,270 - 10 590 2,380 
3,080 15 520 3,490 14 770 3,320 14 680 3,300 
4,090 20 590 4,630 19 790 4,450 20 420 4.590 
I1 ClCLB *lo (1 CYCLE 110 1 CYCLE #10 
n 1 II 1 M 1 n 1 
380 1 1960 I 440 I 1 160 1 260 1 1420 I i:2i 1 I 1,090 5 520 1,240 4 670 1,050 5 200 1,870 9 250 2.060 8 580 1.930 9 300 
2;790 13 660 3;070 12 810 13 790 3:lOO 
3,740 I[ 18 190 [ 4,090 [I 17 970 I 1 18 950 1 4,260 
1 CYCLE #11 )I CYCLE 111 I CYCLE fill n U m E  #ii 
550 2 760 620 2 670 600 2 580 580 
1,480 8 100 1,820 6 810 1,530 6 940 1,560 
2.460 13 170 2,960 11 520 2,590 11 970 2,690 
3,490 17 880 4.020 16 150 3,630 16 190 3,640 
4,300 21 570 4,850 20 950 4.710 , 20 460 4.6 00 
T I I T *  denote8 installation torque. 
21 Bolt-nut aesembly tested in Transducer Controls load cell. 
Indicator. 
Tensile clamp load determined frm RBI Strain 
TABLE NO. V I  K 11 
RESULTS OF 15-CYCLE INSTALIJLTIDY TORQUE-TENSION TESTS OF 
WAS 654 SBBIES SHORT TBREAD HEX HEAD TITANILM W O Y  BOLTS WI?H NEW 
NUIS SWSTITUIXD AT 6TH CYCLE 
TEST CONDITION: TORQUE FRM NUI DESIGN CLAM? LOAD: 20 680 Newton# ( 4,650 Pounds) 
Bolt Par t  No. : NAS 656 V29 Nut Par t  No.: NAS679C4 
Thread Sire: 1/4-28 u ~ p - y ~  Nut Mater ia l :  A286 CRBS 
Bolt Mater ia l :  6A1-4v T ~ A N I M  ALLOY Nut F in ish :  SILVER PLATE PER AMs2410 
Bolt Finish: BARg Washer Part  NO.: AN960-416 
























































235 11 ___ 
50 I1 
100 I?  
150 I1 




150 I?  
209 I1 








150 I T  
200 I T  
235 I T  -
50 I T  
100 I T  
150 I T  
200 IT 








150 I T  







SPECIMEN NO. SPECMEN NO.U-TZ63 SPECMEN NO. U-T2 SPECIMEN NO. U-T265 SPECMEN NO. I 
Newtons (Pounds: 
CYCLE 111  
4 450 1.000 
8 540 I 1.920 
12 680 2:8;0 
1 5  920 3,580 
18 150 4,080 
I -  
CYCLE I 2   
CYCLE 14 
 
2 890 650 
6 050 1 1,360 
8 360 1,880 
11 610 2.610 




CYCLE #6  
CYCLE 110 
 
1 9 6 0  440 
4 360 980 
6 580 1 1,480 
8 850 1,990 
1 0  190 2,290 
CYCLE 111 
INDUCED CLAMP LOAD 
Newtons (Pounds) 11 Newtons I (Pounds 
CYCLE #1 CYCLE #1 
4 180 940 3 340 750 
7 960 1,790 7 290 1,640 
12 140 2.730 11 030 2,480 
16 060 3,610 1 5  120 3,400 
18 680 4.200 1 7  390 3.910 
7 .  I 
CYCLE #2 CYCLE C2 
3 380 760 2 980 670 
6 890 1,550 6 580 1,480 
10 190 2,290 9 830 2,210 
1 3  880 3,120 13 520 3,040 
16 370 3,680 15 790 3,550 
CYCLE C3 CYCLE C3 
2 670 600 2 580 580 
6 630 1,490 5 650 1,270 
10 190 2,290 8 630 1,940 
13 480 3,030 11 790 2,650 
16 010 3.600 13 920 3,130 
CYCLE 14 CYCLE 114 
2 490 560 2 270 510 
5 920 1,330 5 290 1,190 
8 980 2,020 8 107 1,820 
12 450 2,800 10 940 2,460 
14 630 3,290 12 990 2,920 
CYCLE b5 CYCLE 1 5  
2 360 530 2 450 550 
CYCLE 16 1 CYCLE16 
I 1 
2 000 
CYCLE 115 CYCLE 115 
3 420 3 470 
5 470 1,230 5 290 1,190 
7 470 1,680 7 560 1,700 
9 520 2,140 9 120 2,050 
Y ' I T '  denotes i n s t a l l a t i o n  torque. 
?I Bolr-nut assembly t e s t e d  i n  Transducer Controls load c e l l .  
Ind ica tor .  
Tensile clamp l m d  determined from RBI S t r a i n  
470 
TABLE NO. V I  K 12 
BBSULTS OP 15-CKI.B INSTALIATION TORQUE-TENSION TESTS OF 
WAS 654 SEKIES SHOXT TBBBAD HEX HEAD TITANIIM ALLm BOLTS WITH NEW 
NUS SDBSTITQTED AT llTR CYCLE 0 
Pounds) TEST CONDITION: TORQUE PROP( mJr 
Bolt Part  No. : 
Thread Size: 114-28 wp-3  
Bolt Mater ia l :  6A1-48 TITANIUM ULOY 
Bolt F in ish :  BARE 
Bolt Specification. NAS 621 
@.As 654 n g  
DESIm CLAMP LMD: 20 680 Newtons ( 4.650 
Nut Par t  No. : NAS679C4 
Nut Mater ia l :  A286 CUES 
Nut F in ish :  
Washer Part  NO.: Ambo-416 
SILVER E'LATE PER AMs2410 






































INDUCED CLAMP LOAD 
Newtons I (Pounds) Newton8 I (Pounds 
CYCLE #1 n CYCLE x1 
I II I 
Newton8 I (Pounds) 
CYCLE I1 CYCLE I1 
103 
2 490 
, . ,& 
CYCLE #2 11 CYCLE #2 
I I 
CYCLE #2 















I T  
I T  
IT -




I T  -
CYCLE 83 
CYCLE #& I 
CYCLE #3 I CYCLE #4 CYCLE 83 I 
CYCLE #4 CYCLE #4 
8 010 1,800 
11 740 2,640 









1 9 6 0  I 440 11 2 310 I 520 ~. .-. 
4 580 1,030 5 650 1,270 
7 070 1 1,590 I 8 810 1 1,980 
1 0  410 2,340 12 100 2,720 
12 540 2.820 14 190 3.190 
I - I, 1 .  
I 
CYCLE #5 11 CYCLE 1 5  CYCLE #5 I CYCLE 1 5  I 9 210 2 070 1 0  990 2,470 11 480 I 2!580 1 12 990 I 2:920 
CYCLE 16 
5 520 1,240 
7 920 1,780 
10 630 2,390 
IT 12 370 2,780 
CYCLE #lo 
CYCLE #6 CYCLE 86 
9 340 2,100 1 0  230 2.300 
1 0  990 2,470 12 230 2,750 
CYCLE #10 CYCLE 110 
CYCLE #6 
-I-- 50 100 153 200 235 - 
CYCLE #10 CYCLE # l o  
1 CYCLE 111 
7- CYCLE #15 
50 IT 2 980 670 
100 IT 
150 I T  1 gl: 1 ::% 
200 IT 10 320 2,320 
235 IT 12 190 2.740 
2 670 
10 760 2;420 11 560 I 2;600 
c Y a E  #ii CYCLE #11 
7 380 1,660 8 760 1,970 
10 010 2,250 11 560 2,600 
11 740 2,640 13 700 3,080 
CYCLE #15 
CYCLE #11 
150 IT 8 270 1,860 
200 IT 11 160 2,510 
235 IT 12 990 8,920 
CYCLE 115 
50 IT 2 800 
100 IT 5 120 1,150 
150 IT 7 120 1,600 
200 I T  9 790 2,200 
235 IT 11 300 2,540 











2 490 1 560 1 3l: I 520 
4 450 1,000 4 760 1,070 
6 450 1.450 1,650 
8 760 1,970 9 920 2,230 
10 140 2,280 11 610 2,610 
Bolt-nut assembly t e s t e d  in Transducer Control8 load c e l l .  
Indicstor. 
Tensile c l a w  load determined from RBI S t r a i n  
4 71 
TABLE NO. VI R 13 
RESULTS OF 15-CYCLB INSTALLAl'IaY TORQUE-TmSION TESTS OF 
IUS 656 SERIES SHCRT THREAD HBX HEAD TITANIIM ALLOY BOLTS WITH NEW 
NUTS SUBSTITUTED AT 6TH CYCLE 
TEST CONDITION: TORQUE FRM NUT 
Bolt Part No. : 
Thread Size: 3/8-24 m-3~ 
Bolt Mater ia l :  6A1-4V TITANIW ALLOY 
Bolt F i n i s h :  BARE 
Bolt Specifieatzon: NAS 621 
U S  656 V16 
DESIGN UAUP LMD: 49 820 Newtons ( 11,200 P o u n d s )  
Wut  Part  No.: ~~521313324-064 
Nut K s t e r i a l :  STEEL, HEAT TREATED 
Nut F in ish :  
W a s h e r  Part  NO.: ~ ~ 9 6 0 - 6 1 6  
Hole Size: 9.627 om ( 0.379 in.) 
DRY FILM L W E  OVER CADMIUY PLATE 

































































I T  
I T  
I T  
I T  
I T  -
I T  
I T  
I T  
I T  
I T  -
I T  
I T  
I T  
I T  














7 650 1.720 
16 910 3,830 
27 490 6,180 
38 830 8,730 
46 880 10,540 
8 500 
18 860 





113 - - CYCLE CYCLE 
11 7 830 1 1,760 11 8';OE 7 1,840 11 7 
I 1,870 8.480 3,950 6,330 10,270 -4 ii 113 
75 I T  6 580 1 1,480 6 850 1.540 7 780 1.750 
150 I T  15 170 3.410 14 140 3,180 15 120 3,400 
225 I T  24 330 5,470 23 260 5,230 23 000 5,170 
300 I T  34 120 7,670 33 270 7,480 32 870 7.390 
350 I T  42 660 9,590 42 030 9.450 41 010 9.220 











I T  
I T  
I T  
I T  
I T  -
IT 
I T  
I T  
I T  -
1 9 830 1 2,210 1 7 920 1 1,780 1 8 320 1 1,870 
20 020 4,500 16 640 3,740 16 950 3.810 
30 960 6.960 25 980 5,840 26 820 6,030 
40 480 9,100 35 900 8,070 37 270 8,380 
44 970 10.110 44 300 9,960 45 770 10.290 
I, " I 
11 CYCLE #15 11 CYCLE 115 n CYCLE 115 11 CYOLE I15 C Y U E  C15 
I II I I1 I I, I I 
1,820 6 760 1.520 7 920 1.780 7 250 1,630 
3,760 15 030 3,380 16 190 3,640 15 570 3,500 
5,850 22 510 5,060 25 090 5,640 24 110 5,420 
8,020 33 670 7,570 35 450 7,970 34 430 7,740 
9,440 41 100 9,240 43 590 9,800 42 570 9.570 . 
NWES ' 
T " ? . T *  denotea i n s t a l l a t i o n  torque. 
Bolt-nut aseembly t e s t e d  in Transducer Controls load c e l l .  
I n d i c a t o r .  





















23 840 5,360 
34 520 7,760 
42 260 9,503 I 
CYCLE #6 
7 470 1.680 7 250 1.630 
15 750 3,540 1 5  660 3,520 
24 020 5,400 24 550 5,520 
34 210 7,690 34 960 7.860 
41 900 9,420 43 280 9,730 
CYCLE 86 CYCLE #6 
40 390 
33 580 7.550 
9,080 I( 41 720 I 9,380 
1,490 
13 660 3,070 
22 420 5,040 
31 710 7,130 
40 080 9,010 6630 I 
CYCLE 111 
8 850 1,990 
19 220 4,320 
32 250 7,250 
53 420 12,010 
61 340 13,790 
I 
CYUE 115 
5 780 1,300 6 490 1 1,460 
13 080 2,940 1 5  080 3,390 
20 280 4,560 22 370 5,030 
30 160 6,780 31 980 7,190 
38 030 8,550 39 590 8,900 
CYCLE 111 CYCLE #11 
9 870 2,220 6 810 1,530 
18 100 4,070 16 720 3,760 
30 740 6,910 27 400 6,160 
45 730 10,280 43 280 9,730 
56 620 12,730 53 150 11,950 
I I 
CYCLE A15 CYCLE 115 
1,900 
18 680 4,200 
29 000 6,520 
42 120 9,470 
48 480 10,900 450 I 7 250 1,630 7 070 1,590 16 590 3.730 16 370 3,680 26 780 6,020 24 860 5,590 36 830 8,280 37 850 8,510 45  900 10,320 44 750 10.060 
TABLE NO. V I  K 14 
RBSULTS OF 15-CYCLE INSTALLATION TORQUE-TETiSICtl TESTS OF 
NAS 656 SgRIES SHORT THREAD HEX HEAD TITANIIM ALLOY BOLTS WITH NEW 
NVTS SUBSTITWED AT llTH CYCLE 
I 
TEST CONDITION: TORQUE FRW NUT 
Bolt Par t  No. : BAS 656 V16 
Thread Sire: 3/8-24 --u 
Bolt mater ia l :  6A1-4V TITMUM W O Y  
Bolt Finish: BARE 
Bolt SpecificatLon: NAS 621 
DESIGN CLAW LOAD: 49 820 Newtons ( 11.290 Pounds) 
Nut Part  No.: Rt452LH3324-064 
Nut mater ia l :  STEEL, HEAT TREATED 
Nut F in ish :  DRY FILM LUBE OVER CADMIUM PLATE 
Washer Par t  No. : AN960-616 
















300 I T  


























































INDUCED CLAMP LWD 
Newtons 1 (Pounds) 11 Nevtons I (Pounds) 1 Newtons I (Pounds 
CYCLE #l 11 CYCLE #1 1 CYCLE # l  
I I I 1 
Newtons I (Pounds1 
CYCLE # l  
Newtons (Pounds) 
CYCLE # l  
I
6 580 1 1,480 
14 770 3 120 
1.270 I 5 650 5 160 
1 5  300 3.440. 13 660 
25 260 5,680 25 440 
40 430 9,090 38 210 
48 710 10,950 48 440 






5 780 I :,;W 
14 720 3,310 
26 600 1 7 960 9 120 1 2,050 1 1:790 
19 220 4,320 1 7  440 3,920 
28 960 6.510 30 420 6,840 
40 120 9,020 43 320 9,740 
48 130 10,820 52 040 11 700 
CYCLE I 3  CYCLE 113 1 1.900 7 520 1 1 , 6 9 0 1  8 450 I 8 010 I 1:800 
16 150 3,630 17 300 3,890 17 120 3,850 
24 730 5,560 26 820 6,030 27 840 6.260 
37 140 8,350 31 320 8,390 38 120 8.570 
44 260 9,950 45 810 10,300 47 060 10 580 
CYCLE #4 CYCLE #4 CYCLE W 
7 250 I 1,630 1 7 780 1 1.750 7 830 1 1,760 I 15 520 3,490 16 950 3,810 16 370 3,680 24 380 5,480 24 780 5,570 25 660 5,770 36 210 8,140 35 230 7,920 36 250 8.150 42 790 9.620 42 430 9.540 44 700 10.050 
I  I, 
CYCLE #5 11 CYCLE #5 I CYCLE 1 5  
23 530 
33 800 
CYCLE C6 CYCLE #6 
I H I 
6 670 1,500 







23 350 5,130 
32 250 
CYCLE 110 1 CYCLE #lo 
I I 
110 -








100 I T  
150 IT - 
CYCLE #15 
15 750 3,540 
24 240 5.450 








T . * I T '  denotes i n s t a l l a t i o n  toiaue.  
TI Bolt-nut assembly t e s t e d  i n  Transducer Controls load c e l l .  
Ind ica tor .  
Tensile clamp lord determined frm BBI S t r a i n  
473 
TABLE NO. V I  K 15 
RESULTS LV 15-CYCLB RUTALLATION TOBQUE-TZNSION TESl'S OB 
NAS 658 SERIES SUOP3 THREAD HBX HEAD T U M  ALLOY BOLTS WITH NE* 
NL5S SUBSI'ITUl'ED AT 6TH CYCLB 
TEST CONDITION: TORQUE FaCH Nor DESIGN CUEIP LOAD: 91 180 Newtons ( 20,530 Pounds) 
Bolt  P a r t  No.: us 658 V32 Nut P a r t  No.:  H14-8 
Thread S i z e :  1/2-20 m-14 Nut Meterial: ALLOY STEEL, HEAT 'TREATIW 
Bolt M a t e r i a l :  a 1 - 4 ~  f m 1 ~  &cop Nut F in ish :  DRY FlIM LWE OVER CILIlMIW PIATE 
Bolt  F i n i s h :  BARg Washer P a r t  No. : .4W60-316 
Bolt S p e c i f i c a t m n .  ms 621 Hole S i z e :  12.827 nm ( 0.505 i n . )  
1 SPECIMEN NO. I SPECIMEN NO.U-T277 SPECIMEN NO.U-TZ78 SPECIMEN NO.U-TZ79 SPECIMEN NO. TORQ,UE 
11 INDUCED 
Nm ( i n - l b f )  Newtons 1 (Pounds) 1 Newtons I (Pounds; 
CYCLE #l 11 CYCLE #l 
40.67 360 I T  13 300 2.990 3 960 2,240 
81.35 720 IT  28 020 6.300 21 660 4,870 
122.02 1080 IT  41 Of0 9.220 33 801 7,605 
162.70 1440 IT  52 11,690 46 790 10,520 
216.93 1920 IT 70 550 15.860 70 990 15,960 
81.35 40 671 350 72 IT  lm 17 530 3,940 20 950 4.690 
122.02 1080 I T  29 940 6,730 33 233 7,470 
162.70 1440 I T  !A 920 10,100 47 240 10,620 
216.93 1920 IT  70 230 15,790 71 750 16,130 
CYCLE #4 CYCLE 4 
40.671 350 IT 1 8 180 1 1,840 1 7 210 I 1,620 
81.35 720 IT  20 770 5,670 18 990 4,270 
122.02 1080 IT  37 140 8,350 31 ?LO 7.139 
162.70 1440 IT  53 020 11.920 44 790 10,070 
216.93 1920 IT  76 580 17.240 59 170 15.550 
11 CYCLE I 
23 710 
40 67 360 IT  3 140 
81:3~1 720 IT  11 19 480 
122.02 1030 I T  34 120 
162.70 1440 IT 46 170 
216.931 1920 IT 11 71 790 
11 CYCLE 116 
I1 I 
2.210 1.960 
> 11 CYCLE #15 
10;380 57 770 10;740 
16,140 67 880 15,260 
L(p LOAD 
qewtons I (Pounds) I Newtons I (Pounds) 
CYCLE #1 I CYCLE X1 




CYCLE #3 I CYCLE 13 I CYCLE #3 
8 180 1.840 
32 380 
120 I 1.600 ii I n I 
17 390 3;910 
23 490 6,633 
41 590 3,350 
65 920 14,820 
21 220 4,770 
34 030 7,650 
49 950 11,230 
74 060 16.650 I 
NOTES 
-i7-.*IT* denot$s i n s t a l l a t i o n  torque .  
5/ Bolt-nut aasombly t e s t e d  i n  Trnnaducer Cont ro ls  l oad  cell. 
I n d i c a t o r .  
T e n s i l e  clamp load  determined from RBI S t r a i n  
4 74 
TABLE NO. VI K 16 
BllsllLTl W 15-CYCLE INSTALUTICU TORQUE-TENSION TESTS OF 
&4S 658 SERIES SHOW THRBAD HKX Hglll) T I T A U I M  ALLOY BOLTS WITH NEW 
NlK% SIIBSTITLWBD AT llTH CYCLE 
TEST COEIDITION: T ~ R ~ W  p g ~  
Bolt Part  No.: ms 658 v32 
Thread Size: 1\2-20 m - 3 L  
Bolt Mater ia l :  6 ~ 1 - 4 v ' r m m m  
Bolt F in ish :  BARB 


















































( i n - l b f )  
350 IT 
723 I T  




720 I T  
1035 IT 
1440 IT 































360 I T  
720 IT 
080 I T  
w*O IT 
920 IT 
SPECIMEN N 0 . U - T 2 8 0  SPECIMEN NO.U-T2I 
INDUCED 
N e w t o n s  I (Pounds 
--==%- 
18 190 4,090 
39 680 5,920 
58 400 13,133 
70 650 15,830 
86 510 19.450 , -  
CYCLE #2  
3 430 2,120 
20 390 4,720 
51 050 11,480 
69 390 15,693 
 
35 540 7,993 
CYCLE 1 3  
3 360 1,880 
19 570 4,400 
31 450 7,070 
44 570 10,020 





CYCLE #b  
5 200 1,170 
1 5  750 3,540 
28 910 6,5W 
65 070 14.630 
43 990 9,890 
C Y a E  #lo 
CYCLE X 1 1  
 
18 680 4,209 
(1 190 9,260 
63 510 14,300 
B5 363 19.190 
30 $80 22.590 
CYUE #15  
7 700 1,730 
!O 103 4,520 
33 230 7,470 
i l  640 11,610 
r3 790 16,590 
Newtons 1 (Pound, 
CYCLE #4 
---l--- 
8 940 2,010 
21 130 6,750 
33 500 7,540 
08 480 10,900 
70 060 15,750 
I CYCLE #5 
CYCLE #6 
6 853 1,540 
17 930 4,030 
29 400 6,610 
44 210 9,940 
55 550 14,760 
vCYCLE #10 
6 530 1,480 
17 440 3,920 
28 110 6,320 
63 160 14.200 
63 280 3,730 
c y a i i  til 
CYCLE X15 
19 350 4,350 
I 1  220 7,020 
9,930 
'0 410 15,830 
DESIGN CLAMP LQAD: 91 180 Newtone ( 20,503 Pounds) ' 
Nut Par t  NO.: 1114-8 
Nut Mater ia l :  ALLOY STBBL, HEAT TF.EATED 
Nut F in ish :  DRY FIIM LUEE OVea CAIWIM PWTE 
Washer P a r t  No.: AN960416 
Hole Size: 12.827 mm ( 0.505 in . )  
CYCLE 13 I CYCLE #3 11 CYCLE 63 
I I I II I 
7 030 1,580 
17 570 3,950 
30 380 5,830 
44 350 3,970 
54 230 14,450 . 
~ 
- CYCLE #4 11 CYCLE $14 11 CYCI.Et14 
I I 
44 080 9:9io 
65 700 14,770 




1 5  750 
26 820 
39 410 













.*'IT1 denotes i n s t a l l a t i o n  torque. 
2/ Bolt-nut assembly t e s t e d  i n  Transducer Controls load c e l l .  
Ind ica tor .  
Tensile clamp load determined from RBI S t r a i n  
475 
476 
TABLE NO. VI K 1 7  
RESULTS W 15-CYCLB INSTALLATION TORQUE-T€XSIOS TESTS OF 
K4S 658 SBRIBS SEOXl' TIfREhD HEX agAD TITAJIM ALLOY BOLTS WITE NEW 
NUCS SDBST3lVl'BD AT 6TE CPCLB 
TEST CONDITION: Tmm pBM DESIGN MElp LOAD: 91 180 Newtons (20.500 Pounds) 
Bolt  Par t  No. : 
Thread Size: 1/2-20 m-U 
Bolt Mater i s l :  6Al-OV TlXAnIW ALLOY 
Bolt F in ish :  BABB 
Bolt SpecificatLon. MS 621 
658 v32 Nut Par t  No. : NAS679A8 
Nut Mater ia l :  STBgt 
Nut F in ish :  DRY FIJM LUBB OVER PLATE 
Washer Par t  NO. : AN960416 
Hole Size: 12.827 mm (0.505 in.) 
Y@IT* denotes i n s t a l l a t i o n  torque. 
21 Bolt-nut assembly tea ted  i n  Transducer Controls load cell. 
Indica tor .  
Tenaile c l a w  lced  determined from BBI S t r a i n  
TABLE NO. V I  K 18 
TEST CONDITION: TWUE pkm m 
Bolt Part No. : WAS 658 v32 
Thread Size: 1/2-20 W-U 
Bolt Hateriai: 6A1-4v TITANIW ALLOY 
Bolt Finish: BAw 
Bolt Speclficatlan. NIS 621 
1 40.67 1 360 I T  1 21 840 1 4,910 I 23 890 1 5,370 81.35 720 I T  49 020 11,020 57 560 12,940 122.02 1080 I T  77 840 17,500 85 310 19,180 135.58 1203 I T  85 050 19,120 96 700 21,740 
I II I II I 
CYCLE 1 2  1 CYCLE 1 2  1 40.67 1 360 
I T  /I 19 750 1 4,440 I 21 260 1 4,780 81.35 720 I1 46 $40 10,440 49 060 11,030 122.02 1080 I T  72 370 16,270 80 510 18,100 135.58 1203 I T  83 WO 18,660 94 210 21,180 
I II I I1 I 
CYCLE C3 11 CYCLE f 3  , 1 60.67 1 350 I T  11 :l 1 :::7: # 18 240 1 4,100 
$2 570 3,570 
122.02 1030 IT  66 S40 14,960 74 820 16,820 
135.58 1203 I T  76 150 17,120 89 090 20,030 
81.35 720 I T  
t I II I II I CYCLE #4 11 CYCLE #4 1 i;:;; 1 ;:: ii /I :: i;t I :::TJ: /I 40 16 120 9 1 9,020 3 64
122.02 1090 I T  59 740 13.430 67 120 15,090 
135.58 1200 I T  67 480 15,170 79 840 17,950 
I II I II I 
CYCLE #5 11 CYCLE 65 
I 1 i;::; 1 ;:," ::1 ii ::: I %$: 1 15 790 1 3,550 
38 830 8,730 
122.02 1080 I T  55 330 12,440 66 010 14,840 
135.59 1200 I T  62 760 14,110 79 440 17,860 
I I1  I II I 
CYCLE C6 CYCLE #6 
I II I II I 
CYCLE #lo II CYCLE #10 1 *,::;;I ;:'j :: /I !.. ti: 1 i;7zl /I 37 14 503 320 1 8,390 3 26
122.02 1080 I T  51 640 11,610 61 430 13,810 
135.58 1200 I T  57 330 12,890 73 130 16,440 
I, I1 I 
CYCLE #11 11 CYCLE #11 I 1 40.671 360 IT 1 21 260 1 4,780 1 24 240 1 5,450 
81.35 720 I T  56 930 12,800 60 540 13,610 
122.02 1080 I T  90 920 20,440 91 140 20,490 
135.58 1203 I T  97 940 22,020 101 770 22,880 
DBSIGN - LMD: 9 1  180 Newton. (20,500 Pounds) 
Nut Part No. : NAS679A8 
Nut M.terh1: STEa 
Nut Finish: 
Washer Part NO.: AN960416 
DBY FIB4 L W B  OVER CAIE4IM PJATE 
Hole Size: 12.827 rmn ( 0.505 i n . )  
81 710 18,370 
CYCLE N4 CYCLE #4 CYCLE 114 
I I 
I U I n I 
CYCLE 1 5  11 CYCLE #5 CYCLE t5 
I I 
1 I II I II I 
NdES : 
21 
'IT' denotes in s t a l l r t i on  torque. 
Bolt-nut assembly tested in Tranaducer Controls load cel l .  
Indicator. 
Tensile clamp load determined from RBI Strain 
CYCLE #6 I CYCLE 86 
14 100 3.170 
34 470 1 71750 1 1 I 1 
59 160 13,300 
74 060 16,650 
477 
TABLE NO. V I  L 1 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESL5 OF 
NILS 654 SERIES SHORT TIRFAD HIM HEAD TITANIUM ALLOY BOLTS 
UNDER 3 O  BENDING CONDITIONS 
TEST CONDITION: ~ a c g u ~  mm DESIGN CULMe LOAD: 20 680 Newton. ( 4,650 Pounds) 
Bol t  P a r t  No. : 
Thread Size :  1/4-28 m-u 
Bol t  M a t e r i a l :  6 ~ 1 - 4 ~  TITANIIM ALLOY 
NILS 654 v i 4  
Bol t  F i n i s h :  
Bolt S p e c i f i c a t i o n :  NILS 621 
Nut  Part NO.: RM52LH3324-048 
Nut Materiel: STEEL, HFAT TREATED 
Nut F i n i s h :  
Washer P a r t  NO.: 3 O  HARDENED WASHER UNDER 
Hole Size: 6.452 1101 ( 0.254 in . )  
DRY FILM LUBE OVBR CADNILIM PLATE 
















































50 I T  
75 I T  
100 IT 
140 IT 
25 I T  
8 140 
75 IT 1,800 
75 I T  1,620 
75 IT 1,470 
I[ CYCLE M 
25 IT 
50 IT 
75 I T  
LOO IT  
140 IT -
25 IT 
50 I T  
75 IT 
LOO IT  
140 IT 
LOO I T  1,940 
25 I T  
INDUCED C W  LOA0 
Newtons I (Pounds) 1 Newtons i (Pounds) I Newtons ](Pounds 
CYCLE #I  n CYCLE 11 I CYCLE I1 
I I I I 
5 l6: 1 260 1 110 250 1,050 4 360 980 1,91 7 610 1,710 
8 500 2,690 11 030 2,480 
19 930 4,480 17 660 3,970 
CYCLE I2 CYCLE #2 CYCLE 1 2  
I I I 
3 160 1 710 1 3 '%O 1 840 1 5 430 1,220 6 320 1,420 7 700 1,730 9 210 2,070 12 100 2.720 15 210 3.420 I 
530 120 800 180 
2 090 470 3 110 700 
3 470 780 4 980 1,120 
4 800 1,080 7 160 1,610 
7 830 1,760 12 010 2,700 
Newtons I (Pounds 
CYCLE 11 












CYCLE #I1 7- CYCLE 115 
'IT' denotes  i n s c a l h t i m  torque .  
Bolt-nut assembly t e a t e d  in Traesdueer  Cont ro ls  1-d cell. 
frm Kaseley Autograf Reeprder.  
J Tensile clamp load determined from X-Y c u m  T-
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TABLE NO. VI L 2 
RESULTS OF 15-CYCLE INSTALLATIOX TORQUE-TENSION TESTS OF 
NAS 656 SERIES SHORT THRL4D HEX =AD TITANIUM ALLOY BOLTS 
UNDER 3' BENDING CONDITIONS 
TEST CONDITION: TORQUE FROM NUT 
Thread Size: 3/8-26 w-3 
Bolt Material: ~ 1 - 4 ~  TITANIUM ALLOY 
Bolt Finish: BARE 
Bolt Specification. ~s 621 
















































E 1 ,  1 SPECIMEN NO. U-T2921 SPECIMEN NO. U-T29 
(in-lbf) Newtons 
CYCLE 
150 IT 11 790 
225 IT 18 280 
300 IT 23 800 
350 IT 34 030 
2 800 
INDUCED 
1 CYCLE #2 
1 
61250 23 750 5,340 
7,570 32 200 7,240 
CYCLE #4 CYCLE #4 
75 IT im 150 IT 2,080 9 340 2,103 225 IT 18 590 4,180 15 430 3,470 300 IT 26 950 6,060 22 640 5,030 350 IT 31 580 7,103 31 940 7,180 CYCLE #5 CYCLE 15 I 530 75 IT 1 2 620 1 2 540 1 3,;ll 150 IT 10 050 2,260 8 760 1,970 225 IT 18 550 4,170 14 95
300 IT 27 013 6,050 21 970 4,940 
350 IT 32 200 7,240 31 220 7,020 
11 CYCLE #6 
II 1 11 CYCLE #6 
75 IT 2 180 







2 270 75 IT 
150 IT 
75 IT 1 i: I 480 // 2 450 1 550 
150 IT 1.610 7 740 1,740 
225 IT 16 460 3,700 14 500 3,260 
300 IT 24 380 5,480 20 240 4,550 
350 IT 29 890 6,720 29 180 6,560 
DESIGN MELP LOAD: 49 820 Newtons ( 11,200 Pounds) 
Nut Part No. : WZH3324-064 
Nut Material: S T W ,  HEAT TREATED 
Nut Finish: 
Washer Part NO.: 3' W E N D  WASHER UNDER NUT 
Hole Size: 9.627 om ( 0.379 in.) 
DRY FIIW LUBE OVER CADMIUM PLATE 
CYCLE #6 1 CYCLE #6 1 CYCLE 16 
1 
29 620 I 6i660 
CYCLE #ll CYCLE 111 CYCLE #ll 
3 110 700 1 
CYCLE #15 n C Y u E  #IS 11 CYCLE #15 
1 U 1 I, 
2 450 550 
8 270 1,860 
14 100 3,170 
20 370 4,580 
26 330 5,920 1 
mss- 
T * ' I T '  denotes installation torque. 
L/ Bolt-nut assembly tested in Transducer Controls load cell. 
Indicator. 
Tensile clamp l o a d  determined frm RBI strain 
TABLE NO. VI L 3 
RESULTS OF 15-CYCLE INSTALLATION TORQLIE-TENSION TESTS OF 
NAS 658 SERIES SHORT THRFAD HEX RKAD TITANIW ALLOY DOLTS 
WER 3' B!2NDING CONDITIONS 
TEST CONDITION: TORQUE FRM NW 
Bolt Part  No.:  
Thread Size: 1/2-20 m-3~ 
Bol t  Material: 6 ~ 1 - 4 v  TITANIN ALLOY 
Dol t  F i n i s h :  BARE 
Bolt Speclficatron. ms 621 
NAS 658 V32 
DESIGN CLAMP LMD: 91 180 Newtons ( 20,500 Pounds) 
Rut Part  No. : NAS679AE 
Nut M a t e r i a l :  STEEL 
Nut F i n i s h :  DRY FILn LUBE OVER CADMIUM PLATE 
Washer Part  No. : 3* HARDENED WASHBR UNDER NUT 
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'fABLE NO, VI1 c 
RESULTS OF DOUBLE SHEAR STRENGTH TESTS OF MS 21250 SERIES 
EXTERNAL WRENCHING HEAD ALLOY STEEL 1241.1 W/m2 (180 =I) BOLTS 0 
i SISI9 1 




e m s 1 9 6  
e6197 
IS-Sl98 
MS 21250-07032 i 7/16-20,11.085~0,4364' 147 670 1 33,200 
" : 11,0791 ,4362' 146 780 j 33,000 
i " 11.092; .4367'146 340 i 32.900 
I t  
I1 
11.087' .49651148 560 ' I 1  
18 
MS 21250-10064 
I 1  
I1 
11 
I t  
MS 21250-16064 
II 
I 1  
# 
t j 11.0851 ,4364; 147 670 
i 
1 I I ' 
5/8-18 15.829' 6.6232: 304 690 
" 115,8451 .6238;306 910 
,6232; 304 690 
.6237' 303 800 




' 1-12 \ ZS.SO3i 0.9962: 778 400 
1 " 25.3623 .9985; 771 730 
i 'I j 2S.3471 ,9979; 777 070 
! i 
j ! , 
I j 
-_ . -. . . .- 
33 I400 
NmES : -- 1/ 12-Point External Wrenching Read bolt fabricated from AISI 8740 steel and furaf 
with cadmium plate f l n l e h  per QQ-P-416, Type 11, Class 3 par W 21250 Standard. - 21 Double shear teats performed on bolts  previouely rubjected to tansLle ~ t r e n  
evaluation t ee t s .  
3/ Minimum double  shear load requirement per Spec. MIL-B-8831 (ASG) nstcd as 
5/16-24 - 16,600 lb ( 73 840 N) 
7/16-20 - 32,500 Lb (144 560 N) 
5/8-18 - 66,300 l b  (294 900 N) 




3s ; 200 
68,500 
69,000 
68 , 500 
68,300 
68,900 












































































































































































































































































































































































































































































































































































































































































































































' 4 1 9 9  
-s200 
-sm1 





TABLX NO, F, 
IIESULTS OF ELONCATION AND REDUCTION OF AREA TESTS 
OF REDUCED GAGE S m I O N  MS 21250 SERIES 
EXTERNAL WRISNCHXNO IULUD ALLOY STEKL BOLTS 
StZT PART NO 
11 
~ ~ 2 1 2 5 0 -  16064 
11 
N a r n i M l  
Thread 




I t  
)I 
11 
1 - 12 














Tart specimen incorporating reduced gage sect ion machined i n  
b o l t  ohank area from 12-point extdrnal wrenching head b o l t  
fabricated from AIS1 8740 r t e e l  conforming t o  MS21250 Standard. 
Zvaluation t e s t e  performed on reduced gage sect ion bolt specimen8 
noted i n  Table V I 1  D. 
TABLE NO. VI1 F 1 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
MS 21250 SERIES FXTERNAL WXEWHING HEAD ALLOY STEEL BOLTS 
TEST CONDITION: TORQUL F R M  NUT DESIGN CLAW LOAD: 38 030 Newtonm ( 8 .550  Pounds) 
Bol t  P a r t  No. : MS 2125Od05028 
Thread  Sire: 5/16-21, mJF-3.4 
Nut P a r t  No. : BAC NlOGd5 
Nut Material: ALLOY STEEL 
B o l t  H a t e r r a l :  8740 S T E ~  Nut Finish: DYY IILM LUBE OVEa CADYIUM PLATE 
B o l t  Finist: CADYIM PIATE, QQ-P-416, TIPE 11, c u s s  3 
Bol t  SpeclficatlOn. MIL-8-8831 Hole Size: 8.03 m ( 0.316 i n . )  












































11 SPECIMEN ROS-Tl25611 SPECIMEN NOS-T12571( SPECIMEN NO.S-Tl2581 SPECIMEN N0.S-TU59 1 SPECIMEW N0.S-Tl26C 
103 I T  11 7 920 I 1:;71 1 5 453 1 1,270 1 7 250 I 1,630 I 8 050 I 1,810 1 7 740 1 1 ,740  
230 I T  16 463 3,703 1 0  680 2,400 1L 590 3,280 16 950 3,820 16 410 3,690 
300 IT 27 530 1 7  040 3,830 20 050 4,510 26 380 5,930 25 710 5,780 
375 I T  3 s  533 8,190 31 450 7,070 30 020 6,750 33 180 7,460 34 030 7,650 
I t  I I1 I I t  1 1 1 11 1 
CYCLE 63 11 CYUE 113 11 CYCLE $3 1 CYCLE 83 11 CYCLE 1'13 
24 640 20 310 18 640 24 510 
203 I T  11 880 2,670 13 300 2;930 11 920 2i680 1 3  080 2;940 13 970 s i 1 4 0  
300 IT 11 21 310 1 )I ;; 6;; 1 ;:;;; 11 17 750 1 ;::'3: I 21 480 1 2:;:; 1 21 930 I 4,930 375 IT 27 670 24 EO a 11 9 67 6 67  
101 IT 5 670 1,050 5 io0 1,260 4 760 1,070 5 a30 1,130 5 zoo 1,170 
2JS I T  10 153 2,353 12 630 2,840 10 010 2,250 10 940 2,460 10 810 2,430 
300 I T  16 770 3,770 19 570 4,400 14 950 3,360 17  440 3,920 17 840 4,010 
375 I T  22 770 5,120 31 270 7,030 20 590 4,630 23 970 5,390 23 490 5,280 
CYCLE 111 CYCLE 111 CYCLE X 1 1  maE #ii CYCLE #11 
I I 1 1 1 
I I 1 II 1 
I It I 1 1 " CYUE 1115 n CYCLE 115 11 CYCLE 815 11 CYCLE C15 fl CYCLE #lS  
T' IT' denot  ea i n s t  n l l a t  i o n  t o r q u e  . 
21 Bol t -nut  assembly t e n t e d  in T r s n a d u c e r  C o n c r o l i  l o a d  c e l l .  
I n d i c a t o r .  
T e n s i l e  c l a q  l o a d  determined  fran RBI S t r a i n  - 
487 
TABLE NO. VI1 F 2 
RESIJLTS 03 15-CYCLE INSTALLATION 'CORQUZ-TENSION TESTS OF 
.% 21250 S E t I E S  EXTESNAL WRENCHING EA3 ALLOY STE'Z BOLTS 
I 
CYCLE #I1 
1 740 940 
7 290 1,640 
10 990 2,470 
15 660 1,520 
TEST CONDITION: TORQU% FRU4 BOLT HEAD DESIGN CLAW LOAD: 3s 032 Newton. ( 8,550 Pounds) 
Bolt Part No.  : W 21250 H0502.3 Nut Part No.  : B A i  HlOGU5 
Thread Size: 5/61-23 ~ I X F - I A  Nut Material: 4LLOY STEEL 
Bolt Materrsl: 8740 S T E n  Nut Finish: DBY FILM .W3E W E 3  WILM P W T E  
Bolt F i n i s h :  CADMIIM PLATE, QQ-P-416, TYW, 11, CLASS 3 
Bolt Speci f icat  Lon. MIL-B-8831 Hole Sire: 5.03  m ( 0.316 in.) 
Washer Part No.: XS 239Q2C5 L YS 20392-5 
I I I I 
CYCLE #11 CYCLE #I1 CYCLE #I1 CYCLE *I1 
6 540 1,020 3 470 780 4 310 970 3 960 890 
10 510 2,340 9 030 2,030 10 100 2,270 9 700 2,180 
15 510 3,510 15 880 3,570 16 441 3,700 16 460 3,700 
21 759 4.890 23 710 5,330 24 290 5,460 22 950 5,160 
n II U I 










































II 1 I U I I I I 
11 CYCLE 02 1 CYCLE #2 CYCLE J12 I CYCLE 62 1 CYCLE 912 
100 I T  /1 5 030 i 1,130 I 7 700 I ;:;;: I 5 740 1,290 I 4 720 1 1,510 I 5 850 1,540 
203 IT 10 760 2 ,420  14 720 3,310 14 109 1 , 1 7 0  13 660 1.070 14 280 3,210 
303 IT 17 090 1,840 22 240 23 a40 5,350 22 153 4,980 23  000 5,170 
400 IT 24 200 5,440 31 y10 7,090 32 160 7,230 10 139 5,830 31 220 7.020 
II I U I n I I I II I 
CYCLE #3 I[ CYCLE #3 1 CYCLE (4 CYCLE 113 ! CYCLE :)3 
I n I I I I II I 
26 330 I 5;920 
I I n I 
25 780 1 6,020 
craa #IO CYCLE #IO CYCLE #I0 &CLE #IO I CYCLE e10 
IfM IT 
203 IT 




201) IT  
300 I T  
600 I T  
I1 I I1 I 1  I 
CYCLE # I 5  I1 CYCLE #is 11 CYCLE # 1 5  1 CYCLE #15 [I CYCLE #15 
I II I II  I II I II I 
I I  I II I II I II I U I 
 IT' denote. in.tallat1on torque. - 21 Bolt-nut assembly tested i n  Transducer Controls load c e l l .  
Indicator. 
Tenai le  clamp l a d  detennined fran RBI Strain 
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TABLE NO. VI1 F 3 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TEXSION TESTS 
OF W21250 SERIES EXTWWAL WRENCHING HEAD ALLOY STEEL BOLTS 
CYCLE 56 11 CYCLE P6 I 
TEST CONDITION: TORQUE FRRcn NGT DESIGN C M P  LOAD: 76 730 N e w t o n s  ( 17,250 P o u n d s )  
B o l t  P a r t  N o . :  HS21250-07032 N u t  P a r t  N o .  : BAC NlOGW7 
T h r e a d  S i z e :  7/16-20 uNJF-3A N u t  H a t v r i a l :  ALLOY STEEL 
Bolt H a r e r i a ! :  8740 STEEL N u t  Finish: DRY FILM LUBE OVER CAmuM PLATE 
Bol t  F i n i s t , :  CAMXU3 PLATE, QQ-P-416, TYPE 11, CLASS 3 
B o : t  S p e c : r i i a t ? o c .  MIL-B-8831 Hole Size: 11.23 m ( 0.442 i n . )  
Washer P a r t  No.: MS 20002C7 LMS 20002-7 






















360 I T  
720 I T  
1080 I T  





I I I I I 
CYCLE #15 CYCLE C15 CYCLE #15 CYCLE Q15 CYCLE #15 
3 940 2,010 3 470 2,130 7 870 1,770 9 030 2,030 8 540 1,920 
20 100 4,520 24 550 5,520 16 770 3,770 21 930 4,930 20 820 4,680 
34 340 7,720 40 210 9,040 29 490 6,630 34 690 7,800 32 920 7,400 



















360 IT 14 010 20 060 16 190 
720 IT 11 33 270 1 ;:::: I 42 970 1 I 1," % 1 ::$ai 1080 IT 54 750 12,310 65 160 14,650 38 740
1260 IT 64 450 14,490 77 080 17,330 47 590 10,700 
I T  " I I 
CYCLE 113 11 CYCLE 4'3 ! CYCLE #3 11 CYCLE 83 
I U I U I U I U I 
CYCLE #4 CYCLE #4 11 CYCLE #4 u CYCLE#4 11 CYCLE 
I I, 
14 590 12 850 13 480 360 I T  12 370 
720 I T  1 27 530 1 1 32 960 1 1 1: ::: 1 :::$ 1 30 960 1 2:::: I 30 070 1 ::;ii 
1080 I T  47 240 10.620 55 820 12.550 37 450 8,420 49 730 11,180 47 330 10,640 
1260 I T  57 380 12.903 69 170 15,550 43 950 9.880 59 830 13,450 56 760 12,760 
I T  
/ I  I II I I1 I 11 1 U I 
I I1 I n I I1 I n I 
CYCLE Y5 11 CYCLE 85 11 CYCLE #5 11 C Y C L E 1 5  n CYCLE 55 
350 :: I T  11 ii I ::;:: 1 13 30 480 34 1 I 1; % 1 4i:;i 1 11 29 920 05 1 E:% I 28 12 050 29 1 i:;:: 
14 660 12,250 52 220 11,740 3$ 250 47 460 10,670 44 790 10,070 
1260 I T  54 690 12,250 64 580 14,520 44 040 9,900 56 670 12,740 53 950 12,130 
7.p 
360 :f I T  11 24 11 420 25 1 5fiii 1 27 12 890 68 I i::;: I 1," E: 1 if!: I 27 10 090 68 1 I 26 11 340 55 1 i::;: 41 590 48 390 10,880 35 010 43 810 42 480 9,550 1260 I T  51 730 11,630 60 000 13,490 43 010 9,670 53 200 11,960 51 240 11,520 TT -- I U I I1 I U U 
I CYCLE t10 C Y U E  #lO 11 CYCLE #10 CYCLE #lo 
1 
363 I T  11 9 870 I 2,220 I 11 790 I 2,650 I 7 740 I 1,740 I 10 500 1 2,360 I 10 410 2,340 
720 I T  25 'XO 5,630 27 270 6,130 18 280 4,110 25 530 5,740 25 310 5,690 
1080 I T  40 880 3,190 45 900 10,320 31 670 7,120 41 140 9,250 39 940 8.980 
1260 IT 50 170 11,280 56 850 12,780 39 940 8,980 49 280 11,080 48 390 10,880 
IT .. I I1 I II I U 1 U I 
CYCLE Yll n CYCLE #ii 11 CYCLE #I1 u CYCLE #11 11 CYCLE 511 
I ,I I " n I I , 
NOTES : 7' I T '  d e n o t e s  i n s t a l l a t i o n  torque. 
21 B o l t - n u t  aeeembly t e s t e d  i n  T r a n s d u c e r  C o n t r o l s  l o a d  cell. 
Indicator. 
T e n s i l e  clamp l o a d  d e t e r m i n e d  from RBI Strain 
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TABLE NO. VI1 F 4 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS 





TEST CONDITION: TORQUE PBDn BOLT KeAD DESIGN CLAMP LOAD: 76 730 Newtons ( 17,250 Pounds) 
Bolt Part No. : MS21250-07032 Nut Parr NO. : BAC NlCGW7 
Thread Sizc: 7/16-20  W - 3 A  Nut Mar,  r i d l :  ALLOY STEEL 
Bolt Matrrral: 8740 STEEL Sur Finish: DRY FILM LUBE OVER CADYIUX PLATE 
Bolt Finist.:CALMIUN PLATE, K - P - 4 1 6 ,  TYPE 11, CLASS 3 Washer P a r t  .io.: MS 20002C7 h LIS 20002-7 
Bolt Spec I C L < ~ ~ L O . : .  MIL-8-8831 Hole Size: 11.23 oun ( 0,442 i n . )  
CYCLE #15 CYCLE 115  CYCLE #15 CYC7.E #15 CYCLE #I5 
360 IT 9 070 2,040 7 610 1,710 7 160 1 ,610  7 610 1,710 7 560 1,700 
720 IT 19 930 4,480 18 100 4,070 15 480 3,480 18 950 4,260 17 970 4,040 
LO80 IT 32 920 7,400 30 200 6 ,790  2 5  400 5,710 30 600 6 ,880  29 050 6,530 
1440 IT 40 530 10,910 43 720 9 ,830  37 500 8,430 44  170 9,930 42 080 9 ,460  
IT 
NIXES: 
7'IT' denotea installation torque. zf Bolt-nut aa8embly te8tcd in Transducer Controls load cell. 
Indicator. 
Tensi le  clamp l M d  determined frm RBI Strain 
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TA&E NO. V I 1  P 5 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS 
OF Hs 21250 S W I E S  EXTERNAL WENCHING HEAD ALLOY STEEL BOLTS 
DESIGN CLAW LOAD: 162 460 N e w t o n s  ( 36,525 Poundn) TZSI CONDITION: TORQUE FRDH NUT 
B o l t  P a r t  No. : xs 21250-10064 Nut P a r t  N o . :  BAC BlOGWlO 
T h r e a d  Size: 5/8-18 w n - 3  Nut Material: ALLOY STEEL 
B o l t  H a t e r l a l :  8740 STEEL Nut F i n i s h :  DRY FILM LUBE OVER CADMIUM PLATE 
B o l t  P i n i s h : c ~ m 4 1 ~  PLATE, QQ-P-416, TYPE 11, CLASS 3 Washer P a r t  NO.: MS 2 0 0 0 2 C 1 0  h Ns 20002-10 
B o l t  S p e c i f L C a t i o n .  SIL-B-8831 Hole Size: 16.03 rn ( 0.631 i n . )  
960 I T  1 40 970 I 9 ,210 l  37 630 
2403 I T  109 020 24,510 103 640 
3503 I T  162 650 36,570 157 680 
1800 Ir 80 ZOO 18,030 70 320 
I1 I 0 
I n CYCLE 1 2  0 CYCLE 
960 I T  35 180 31 310 
1800 I T  1 7 1  &A01 1 : : ~ ~ ~ l  64 500 
2403 I T  101 770 22,880 89 140 
3500 I T  151 850 34,140 139 580 
CYCLE 83 11 CYCLE 
I II 
963 I T  1 36 8301 8,2801 31 630 
1830 I T  72 240 16,240 65 030 
2 i O O  I T  96 880 21,780 38 870 
3500 I T  144 380 32,460 135 000 
I: I I 
C Y a E  CL II C Y U  
I n 
963 I T  11 30 8201 6,9301 31 4M) 
1800 I T  64 360 14,470 63 830 
2400 I T  3 1  670 20,610 38 250 
3500 I T  139 980 31,470 133 000 
I 
I II 
CYCLE #6 11 CYCLE 
28 600 
26 150 
II I II 
CYCLE #I5 11 CYCLE 
960 I T  11 25 0401 5,630 1 24 690 1800 I T  52 350 11,770 54 440 2&00 I T  7 1  430 16,063 75 750 3503 I T  110 390 24,930 121 070 
8.460 11 40 1201 9.020 I 39 280 I 8.830 11 41 010 1 9.220 I 
15’810 28 280 17:600 17;340 17;780 
23:300 I 106 0401 23,840 I 1;: iii I 23,920 1 1; ,”,; 1 23,900 I 
35,450 161 370 35,280 161 550 36,320 159 330 35,820 
I I I 
CYCLE iK2 CYCLE 1 2  CYCLE #2 
7,040 35 630 8,010 34 610 7,780 34 430 7,740 
14,500 71 030 15,970 70 370 15,820 65 610 14,750 
20,040 97 940 22,020 97 190 21,850 91 010 20,460 
31,380 150 560 33,850 149 450 33,600 142 020 31.930 
I n I U I n 1 CYCLE* 1 CYCLE* 
m I I I m I I 
7.060 I 31 9401 7,180 I 31 180 1 7,010 1 30 110 1 6.770 I 
14,350 64 270 14,450 62 450 14,040 61 520 U,830 
19,840 89 890 20,210 87 760 19,730 82 960 18,650 
29.900 139 490 31,360 136 730 30,740 133 570 30,030 
I I I 1 
11 CYCLE #6 CYCLE W CYCLE 16  
11 I U I I 
6.430 I 29 5301 6,640 I 28 870 1 6,490 
13,750 6 1  290 13,780 58 800 13,220 
19,090 35 180 19,150 83 440 18,760 
28,560 132 550 29,800 129 480 29,110 
U , U 
3 11 CYCLE #IO I &CLE #10 1 CYCLE #lo I 
5,880 I 27 4001 6,160 I 26 550 1 5,970 
13,350 57 020 12,820 55 560 12,490 
18,930 79 890 17,960 79 130 17,790 
28,810 125 340 28,180 124 010 27,880 
I I I I 
5 CYCLE 115  # i s  CYCLE 115 
5,550 24 860 5,590 24 910 5,600 23 570 5,300 
12,240 53 020 11,920 52 580 11,820 48 840 10,980 
17,030 74 730 16,800 74 100 16,660 69 480 15,620 
27,220 118 010 26,530 117 740 26,470 113 160 25,440 
T I I T )  d e n o t e s  i n a t . l l a t i o n  t o r q u e .  
21 B o l t - n u t  assembly t e s t e d  i n  Trannducer C o n t r o l .  load c e l l .  
Indicator. 
T e n s i l e  c l a m p  l o a d  d e t e r m i n e d  from RBI S t r a i n  
49 1 
TABLE NO. VI1 F 6 
RESLKTS OF 15-CYUE INSTALLATION TOKQUE-TEJYION TBSTS 
OF M3 21250 SEKIES ZXTERXAL WRE!?CHING HEAD ALLOY STBEL BOLTS 
TEST WNDITION: TORQUZ V R M  30Lr HEAD DESIGN CLA!4F' LOAD: 162 460 Newtons ( 36,525 Pound.) 
Bolt P a r t  No. : YS 21250-10054 Nut P a r t  No. : BAC YlOGIJlO 
Thread  Size: 5/8-16 LNJF-3A Nut M a t t r i a l :  AILOY STEEL 
Bolt M a t e r i a l :  8740 XEEL Nut Finish: DRY FILY LUBE OIEU CAJIIIW OLATTe 
B o l t  Finish: WDItXiM PLTE , QQ-P-416, TYPi 11, CLASS 3 
Bolt Spec i f  i c a t i o n ,  llIL-B-Sd31 Hole Size: 16.03 m ( 0.631 i n . )  
Washer P a r t  No. : Ha 2000XlO (1 YS 23002-10 
I 
105.47 960 IT  
203.37 180'3 I T  
271.16 2400 I T  
406.75 3600 IT 
108.47 YS0 I T  
203.37 1819 I T  
271.16 2401) IT  
405.75 3590 I T  
108.47 950 IT 
203.37 1800 I T  
271.16 2100 I T  
406.75 3630 IT  
103.47 969 IT 
273.37 1800 IT 
271.16 2430 IT  
405.75 3590 IT 
SPECIMEN NOS-TI261 SPECIMEN NOS-T1282 SPECIMEN NOS-TI283 SPECIMEN N0.S-TI284 SPECIMEN N0.S-TI285 
Newtons 1 (Pounds) -
CYCLE #2 I 
47 1901 10.610 
38 250 19;843 
117 830 26,433 
159 510 35,560 
, 
CYCLE #3 
INDUCED CLAMP LOAD 
55 760 12i760 13 810 :5:470 
7Y 570 17,890 95  933 21,580 
131 970 1 2 9 , 6 7 0  // 143 7101 33,440 
I II  I 
CYCLE 1 3  11 CYCLE 83  
25 400 5.710 '31 450 7.070 
54 420 :2;280 65 070 14;630 
78 551 18,653 39 850  20,200 
129 650 I 29,150 1 141 5801 31,830 
CYCLE #IO CYCLE #IO 
1 6  990 3,820 22 500 5,080 
33 560 3.670 h B  310 10,860 
5$ 310 12,210 63 590 15,420 
35 780 19,950 113 590 25,560 
c Y a E  $11 CYmE #I1 i 15 970 3.590 
35 381 I 8;180 11 L6 210 I 10;3Y0 
31  730 11,630 65 590 14,970 
33 760 18,830 111 64'1 25,100 
I1 

















-l--T-- 6.910 29 620 5.660 
14.020 60 720 13;650 
191830 /I 84 380 I 18,970 
31,540 133 800 30,080 
1 CYCLE #5 
n I 
20 730 






CYCLE 115 11 CYCLE #15 





4,490 17  650  
10 200 39 770 
14:630 I 57 160 1 





v t I T o  denote.  i n s t a l l a t i o n  t o r q u e .  
21 Bol t -nut  aaaembly  t e l t e d  i n  T r a n s d u c e r  C o n t r o l s  load c e l l .  
I n d i c a t o r .  
T e n n i l e  clamp l a d  determined  frm RBI S t r a i n  - 
49 2 
RESULT8 O? 15-CTUE INSTALLATION TORQLI?.-TBISIOR TESTS OE 
PS 2 : 2 5 0  SEEIES K9XEmAL WENCHING BEAD ALLOY STEEL BOLTS 
TEST CONDITIot(: TORQUE FROM Nm DESIW CLAUP LOAD: 420 000 Neevtona ( 94,425 Pounds) 
Bolt P a r t  N O . :  MS21250-16061* Nut P a r t  No. : BAC N1OGW16 
Thread Sire: 1 - 12 IJNJT-SA Nut Material: ALLOY STEEL 
Bolt Material: 8740 STEEL Nut Finish: DRY FILM LUBE OVER CAMIUM PLATE 
Bolt Finish:CADNIIM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Specification. MIL-B-8831 Hole Size: 25.65 mn ( 1.010 in.) 
Washer Part No.: MS 20002C16 h H S  20002-16 
CYCLE CYCLE &4 CYCLE #4 
10,760 53 240 r 11,970 52 440 I 11,790 56 530 I 12,710 
32.820 153 540 34.520 155 590 34.980 142 690 32.080 1 141 ::Or 000 11.820 3 70
11 CYCLE #5 11 CYCLE #5 CYCLE 1 5  
I1 I II I II I n I 
305.06 270011 $4 390 9,980 53 380 12,000 55 420 12,460 54 400 12,230 53 150 11,950 
610.12 54001T 135 310 30,420 152 970 34,330 159 280 35,810 137 670 30,950 142 070 31,940 
915.18 81031T 210 350 47,290 238 550 53,663 254 870 57,300 220 710 49,620 227 960 51,250 
1225.24 10,BWIT 313 $10 70,460 341 960 76,880 334 530 75,210 310 650 69,840 320 080 71,960 
1389.72 12,300IT 357 170 80,300 376 430 84,630 334 970 86,550 358 380 80.570 374 830 84.270 
11 CYCLE #6 11 CYCLE 16 11 CYCLE 16 CYCLE 16 11 CYCLE #6 I I  I I1 I, I I, I I 1 I :f:::/ 27001T /I 52 090 1 11,710 11 50 480 I ::::3," /I 49 020 I 11,020 1 53 550 I 12,040 
54001T 140 470 31.580 144 690 32,530 152 740 34,340 138 910 31,230 
315.18 3100IT 219 780 $9.410 232 140 253 710 57.040 223 200 50.180 
1220.2k 10,800IT 319 720 71;880 3i5 550 77;710 330 400 741280 313 360 1 70;450 310 2501 69:750 
1399.72 12.3001T 81,650 I 362 960 81.600 364 380 I 81,920 1 3 6 8  290 I 82,800 1 377 770 I 84,930 1 363 180 
CYCLE #IO II CYCLE #10 11 CYCLE #10 I &ai3 #10 1 CYCLE #10 1 305.061 2700IT I 53 240 1 11,970 I 48 310 I 10,860 I 50 710 I 11,400 I 49 640 1 11,160 I 45 8101 10,300 
610.12 5 4 0 0 1 ~  140 690 31,630 135 260 30,410 158 040 35,530 132 110 29,700 128 990 29,000 
915.18 81001~ 217 240 48,840 221 820 49,870 251 890 56,630 211 720 47,600 212 440 47,760 
1220.24 10,8001~ 316 740 71,210 308 020 69,250 329 600 74,100 300 550 67,570 298 150 67,030 
1389.72 1 2 , 3 0 0 1 ~  360 870 81,130 353 130 79,390 367 400 82,600 348 630 78,380 345 790 77.740 
305.06 27001T 45 590 10,250 46 570 10,470 44 210 9,940 44 660 10,040 42 170 9,480 
610.12 54001T 129 570 29,130 125 210 28,150 126 190 28,370 120 720 27,140 120 180 27,020 
915.18 81001T 207 370 46,620 206 300 46,380 211 500 47,550 202 920 45,620 200 780 45.140 
1220.24 10,800IT 299 880 67,420 288 010 64,750 289 480 65,080 286 010 €4,300 284 540 63,970 
1339.72 12,300IT 344 190 77,380 332 980 74,860 341 160 76,700 331 640 74,560 334 090 75,110 
L 
NQTBS : 
"IT 'IT' denotes in s t a l l a t ion  torque. Torque wrench with mul t ip l i e r  employed, t o  torque fasteners .  
gl Bolt-nut asaembly tes ted in Transducer Controls lcnd ce l l .  
Indicator. 
Tensile c1.q load determined from RBI St ra in  
49 3 
TABLE NO. V I 1  F 8 
ReSULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
MS 21250 SERIES EXTWNAL WRENCHING lIPAD ALLOY STEEL BOLTS 
TEST CQIDITION: TORQUE FRCM BOLT HWLD DESIGN MEIP LOAD: 420 000 Newtons ( 94,425 
Bolt Par t  No. : MS 21250-16064 
Thread Size: 1 - 12 m-3 
Bolt Ma te r i a l :  8740 STEEL 
Bolt Finish:CADNIm PUTE, QQ-P-416, TWE 11, C U S S  3 
Nut Par t  No. : BAC N l O G w l b  
Nut M s t r r i a l :  ALLOY STLEL 
Nut F in i sh :  DRY FILM LUBE OVER C4DMIUM PLATE 
Washer Per t  NO.: MS 20002C16 & MS 20002-16 
Bolt Spec i f i ca t ion :  ~ a 4 - 8 8 3 1  Hole Size: 25.65 nan ( 1 .010 in  ) 
I 305.561 270OIT 
I 1559.191 13;800 I T  
305.56 2 7 0 0 1 ~  
610.12 5 4 0 0 1 ~  
915.18 8 1 0 0 1 ~  
1220.24 10,8001~ 
1559.19 1 3 , 8 0 0 1 ~  c
305.56 2700 I T  
610.12 5400IT 
915.18 8 1 O O I T  
1220.24 10,800IT 
1559.19 13,800IT 
305.56 2700IT t610.12 5400IT 
305.56 2700 IT 
610.12 5 4 0 0 1 ~  
915.18 8 1 0 0 1 ~  
1220.24 10 ,8001~  









1220.24 10,800IT t1559.19 13,800 I T  
Pounds) 
CYCLE 16 CYCLE #6 CYCLE 06 CYCLE 1'6 CYCLE .6 
30 070 6,760 34 780 7,820 37 540 8,440 38 610 8,680 35 180 7,910 
73 930 16,620 69 430 15,610 96 970 21,800 9 7  500 21,920 93 190 20,950 
134 860 30,320 127 170 28,590 167 160 37,580 156 080 35,090 154 li0 34,660 
231 830 52,120 229 070 51,500 240 190 54,000 229 290 51,550 222 760 50,080 
297 480 66,880 296 860 66,740 318 340 71,570 309 050 69,480 297 880 66,970 
CYCLE # lo  -
30 420 I 6.840 11 GALLING I 11 35 7601 8.040 11 34 3801 7.730 I/ 33 4901 7.530 1 
74 730 1 16;800 11 9TH CY? 11 90 3401 ::;::: 11 87 9801 :;::7: 11 89 580 I 20;140 
131 300 29,520 159 240 35,800 150 520 147 540 33,170 
207 630 46.680 230 980 211 720 47.600 215 590 68.560 I 
282 140 I 63;430 11 I( 302 110 1 67;920 11 292 1001 65;670 11 294 3iO 1 b6,180 
1 I1 1 ,I 1 n 1 11 1 
1 
CYCLE (111 11 CYCLE #I1 11 CYCLE 111 1 CYCLE 011 11 CYCLE 111 
29 310 6,590 34 780 7,820 33 580 7,550 32 920 7,400 
70 990 15,960 86 510 19,450 84 420 18,980 87 980 19,780 
127 480 28,660 155 370 34,930 146 290 32,850 141 8iO 31,890 
201 940 45,400 221 780 49,860 209 280 47,050 211  >00 47,550 
278 040 62,510 296 680 66,700 289 560 65,100 293 790 66,050 
I 1 1 1 1 
CYCLE 115 CYCLE 115 CYCLE %15 CYCLE t15  CYCLE 115 
GALLING 31 310 7,040 GALLING 
l4TH CYCLE 80 550 18,110 14TH CYCLE 
141 670 31,850 
204 250 45,920 




'IT' denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly t e s t ed  i n  Transducer Control. load c e l l .  
Indicator .  















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































T2~'lu3 MU, VI11 c 
RESULTS OF DOUBLE SHEAR STRENGTH TESTS OF BAC2B30FD SERIES 
EXTERNAL W N C H I H G  M D  ALLOY STEEL 1241, l  MN/m (180 KSI) BOLTS 
'S-8207 ' I 1  
pi-8208 14 
$5-6209 II 
I 1  
4 2 1 1  BAC B3OFb4-16 
4 2 1 2  : 11 
I t  









4,793 i ,1887 
1/4-28 6 322 0,2489 
6 ,320:  .24%8 
II 6,322:  .2489 




I 1  
60325 i e2490 II 
i 
1/2-20 12.675 '0.4990 
I' 12,6721 .4989 
12,670: .4987 


















27 840 ! 6,260 
i 
46 260 1 10,400 
48 040 1 10,800 









- A_... - - -1.- L - . -.--+'---.-I _-_ i 1 
l/gSrTiral wrenching b o l t  fabricated ftosl A I S 1  steel  and furnishdd with  cadmium 
-.) 
2/ L b t a  shear tests perfowed on bolts previously subjected to tens i le  strength 
late  per NAG672. Bolt6 conform t o  Boeing BAC B30FD Standard, 
double shear load requirement par Table V I ,  Spec,  BPS-F-69 noted a i  fol  
#lo-32 - 5,790 lb 25 750 N) 
1/4-28 - 10,100 l b  t 44 920 N) 
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TABLE NO. VI11 F 1 
RESULTS OF 15-CYCLE INSTALLATION TORQJZ-TENSION TESTS OF 
BAC 530FD SERIES EXTERNAL WREllCBINC HEAD ALLOY STEEL BOLTS 
T E S I  CONDITION: TO3QUE FROM NIR DESIGN CLAMP LOAD: 13 570 N e w t o n s  ( 3,053 P o u n d s )  
B o l t  Pact No. : BAC B3OFD3-8 Nut P a r t  No.: BAC NlOGW3 
T h r e a d  Slze: #IO-32 W J F - 3 A  Nut Mat, r i a l :  ALLOY STEEL 
B o l t  Haterial: 8740 STEEL 
B O ~ K  F i n t s t . :  CALMIUM FLUOBO.UTE PLATE PER NAS 672 Uashrr P a r t  S o . :  AN 960-10 
B O ~ K  Specrrication. BOEING BPS-F-69 
xut ~ i ~ i ~ h :  DRY FILM LUBE OVER CADYIUM PLATE 









































10. I 7  
8.47 
SPECIMEN Y0.S-Tl29 S P E C M E I  Y0.S-T129 SPECIMEY S0.S-T1299 SPECIMES XO.S-Tl30C 











90 I1 11 10 500 I 2;360 
I 1  I 
I 
C Y a E  *5 
25 I T  39 0 
50 IT 
75 I T  1 \ I 1,740 903 
9 0  I T  10 230 2,300 
I1 I 
CYCLE #6 
25 I T  I 650 
50 I T  I 4 090 
75 I T  7 340 





CYCLE #ll -x-lEFE 
II I 
CYcL.E 615 
25 I T  I 470 330 
Newtons I ( P o u n d a )  1 Newtone I ( P o u n d s )  
CYCLE N 1  B CYCLE It1 
I n I 
3 650 820 
7 960 I 1,;:: I z z i  1 1,720 
I1 160 2,510 11 650 2,620 
13 520 3,040 14 140 3.180 
" 1 
CYCLE i 2  n CYCLE i;L 
I II I 
2 003 510 
I II I 
CYCLE C3 n CYCLE 1:3 
I U I 
CYCLE #4 11 CYCLE r)b 
1 690 1 9 1 0  430 
CYCLE 1 5  [I CYCLE x 5  
I II I 
I 690 I 560 350 
CYCLE X6 CYCLE 66 
4 230 
CYCLE 110  CYCLE #10 
1 510 1 510 
I II I 
CYCLE #ll 11 CYCLE C11 
1 380 310 1 470 330 
I I 
CYCLE #15 CYCLE 4/15 
1 230 290 1 420 320 
3 420 770 3 560 800 
6 030 1,350 6 180 1 ,390  
7 610 1,710 7 830 1.760 
sewtons P o u n d s  S t w t o n s  P o u n d s  
11 210 2,520 11 560 2.600 
13 740 3,090 1 4  280 3,210 
CYCLE :i? LYC:.I ': 
2 400 540 /I 2 540 
I t 
CYCLE at3 L Y C L t  "3 
2 090 470 2 000 450 
4 630 1,040 I 4 800 1,080 
7 830 1,760 8 270 1,860 
10 140 2,280 10 850 2.440 
CYCLE $14 CYCLE lj4 
1 820 410 1 780 400 
4 230 950 4 310 970 
6 850 1,540 7 160 I 1,610 
8 851 1,990 9 560 2,150 
h 
CYCLE ($5 CYCLE #5 
I I 
I 730 1 650 370 
I U I 
CYCLE It6 CYCLE arb 
CYCLE 1/10 
3 780 
CYCLE # l l  CYCLE 111 
3 600 3 690 
CYCLE C15 CYCLE # I 5  
3 510 850 
T ' I T '  d e n o t e s  i n s t a l l a t i o n  t o r q u e .  
21 B o l t - n u t  assembly t e s t e d  in T r a n s d u c e r  C o n t r o l s  load c e l l .  T e n s i l e  clamp load d e t e r m i n e d  frw RBI S t r a i n  - 
I n d i c a t o r .  
500 
TABLE NO. V I 1 1  F 2 
RESULTS 03 15-CYCLE INSTALLATIOY TORQZE-TENSICM TESTS OF 
BAC B3OFD SERIES EXTERNAL imWCIlING HPAD ALLOY STEEL BOLTS 
25 I T  
50 IT 
75  I T  
90 I T  
TEST CONDITION: T03QUE F R M  BOLT HPAD DESIGN CLAMP LOAD: 13  570 Newtons ( 3,050 Pounds) 
Bolt Part No : EAC 83OFD3-8 Nut Part NO.: BAC NlOGW3 
Thread Size: 110-32 UNJF-3A Nut Mater ia i :  ALLOY STEEL 
Bolt Materia!: 0740 STEEL Nut Finish: DRY FILU LUBE OVW CAMIUM PLATE 
Bolt F i n i b b :  CADXIIM FLUOBORATE U T E  PER NAS 672 WaBher par t  No. : AN 960-10 
Bolt Speci ; rcat lo- .  BOZING BPB-F-69  ole size: 4.93 m ( 0.194 in.) 
CYCLE #4 CYCLE e4 CYCLE #4 CYCLE #4 CYCLE #4 
1 600 360 2 090 470 1 560 350 2 000 450 1 420 320 
3 740 840 4 450 1,000 3 910 880 4 890 1,100 3 560 800 
b 180 1,390 7 290 1,640 6 540 1.470 8 270 1,860 6 050 1 1,360 







25 I T  
53 I T  
75 I T  










, CYCLE t 5  CYCLE t 5  CYCLE c5 CYCLE 65 1 CYCLE #5 
1 510 340 2 000 450 1 510 340 1 960 440 1 470 330 
3 530 830 4 230 350 3 780 850 4 540 1,020 3 510 790 
5 960 1,340 7 070 1,590 5 140 1,380 8 050 1,810 5 870 1,320 




























25 I i  11 1 730 1 390 I 2 050 1 $60 I 2 140 1 480 
53 I T  ?* 760 1,070 5 250 1,180 4 850 1,090 
75 I T  8 360 1,880 3 250 2,080 8 230 1,850 
90 I T  10 303 2,450 11 030 2,480 
II I I1 1 II 1 1 II 1 
CYCLE (13 11 CYCLE #3 11 CYCLE 83 ! CYCLE 63 
I! I I1 1 II 1 II 1 1 1 
CYCLE W 11 CYCLE #6 11 CYCLE (16 11 CYCLE 86 CYCLE {!6 
NdES : 
' I T '  denotes i n s t a l l a t i o n  torque. 
21 Bolt-nut assembly tes ted i n  Transducer Controls load c e l l .  Tensile c law load determined f r m  RBI Strain - 
Indicator .  
501 
TABLE NO. V I I i  F 3 
RBSITLTS OF 15-CYCLE INSTALLATION TORQUE-TEXSION TESTS OF 
BAC RJOFD S E R I E S  EXTERNAL WRENCHING HEAD ALLOY STEEL BOLTS 
TEST CWDITION: TOWUE FROM N U I  DESIGN CLAHP LOAD: 24 020 Newtons ( 5,400 Pounds) 
Bvlt P a r t  No. : BAC 830FD4-16 Nut P a r t  No. : H23-4 
T h r e a d  S i z e :  1/4-28 UN3F-2.A Nut M a t i r i a l :  ARS6306 STEEL 
Bolt Material: 8740 STEEL Nut Finish: DRY F I L Y  LUBE OVER CAD\IIu\I PLATE 
Bolt  F i n i s t  : UDNILN FLUOROMTE PLATE PER VbS672 Washer Par t  So. : MS 20032C4 6 YS 20002-4 















































i n - L b t )  Newtons 1 ( P o u n d s )  Newtons I (Pounds, 
CYCLE 61 CYCLE 1 1  
50 I T  3 470 780 1 690 380 
100 I T  9 070 2,WO 6 810 1,530 
150 I T  11 1 5  170 1 11 303 1 2,540 
200 IT 20 310 1 6  190 3.640 
220 I T  24 730 I 5;550 18 353 I 4;240 
C Y O E  b 2  CYCLE #2 
50 IT 2 140 $no 1 560 350 
I O  IT  5 740 1.290 5 960 1.341) 1 2:320 153 I T  1 10 320 1 I 0  230 2;300 
201 I T  14 720 3,310 14 860 3,340 
220 I T  1 7  260 3,880 16 553 3,720 
CYCLE 63 CYCLE r13 
CYCLE 14 
50 IT 
LOO IT 5 340 1,203 5 380 1,200 
150 I T  11 3 870 1 ::::: 11 9 300 1 2,030 2orJ I T  14 72 14 320 3.220 
220 IT 16 950 1 ,;SI0 16 320 1 3;670 
, CYCLE 1.5 CYCLE C5 
50 IT I 780 403 1 870 420 
100 IT 5 070 1,140 5 290 1.190 
157 I T  3 437 2,120 3 337 2,030 
201 I T  14 $10 3,240 14 LOO 3,170 
220 I T  16 810 3,780 15  980 3.570 
CYCLE (6 CYCLE 06 
57 T T  I 603 357 2 050 460 
100 ; 4 850 1,090 5 120 1,150 
153 I T  I( 9 070 1 7.:; 11 I 2.070 zoo r r  14 46 13 610 3.050 9 210 
220 ;; 11 If) 990 I 3;820 11 15 790 I 3;557 
CYUE *IO I[ CYCLE #10 
59 I T  1 690 330 2 980 570 
LO3 I T  5 470 1,230 5 760 1,520 
200 IT 15 330 3,460 14 500 3,260 
220 I T  1 7  700 3,980 16 190 3,640 
153 IT IO $10 2,340 i n  230 2,300 
CYCLE Y11 CYUE #11 
50 I T  1 870 420 2 980 670 
103 I T  5 163 1,169 6 $50 1,450 
157 I T  9 070 2,040 9 560 2,150 
209 I T  14 590 3,280 13 880 3,120 
220 I T  16 990 3,820 15 570 3,500 
CYCLE # 1 5  CYCLE 115  
50 I T  I 960 440 3 370 69 0 
LOO IT 5 290 1.190 6 360 1.430 
150 I T  9 430 2:120 9 250 2 : 0 3 0  
207 I T  14 867 3,340 13 430 3,020 I 220 IT 16 990 3,820 15 030 3,3ao 
KP i.om 
Newtons (Pounds) Newton6 (Pounds) S r i t o n s  (Pounds) 
CYCLE V I  CYCLE fbl CYLLE a L 1  
600 560 ‘1 2 490 2 580 580 2 670 
7 160 1,610 6 940 1.560 7 030 1 1.580 
11 210 2,520 10 350 2.440 11 703 2.630 
15 709 3,537 1 5  480 3,480 16 190 3.640 
18 150 4,090 17 930 4,033 18 990 4,270 
CYCLt 1-3 CYCLE ‘;3 CYLLE 1 
2 220 533 2 140 $80 2 090 470 
6 003 1,350 6 9 0  1,370 6 090 1.370 
10 190 2,290 9 650 2.170 10 360 2 , 3 3 0  
13 370 3,140 13 880 3,120 15 080 3,390 
15  970 3,590 16 190 3.640 16 907 3.800 - 
CYCLE 114 CYCLE *4 CYCLE $14 
2 180 490 2 180 490 2 050 I 4 6 1  
5 920 1 330 6 700 1.353 5 960 1.340 
CYCLE 66 
2 220 571 
CYCI t 1’6 - - ~  
2 00’) I 457 
5 567 1.250 
9 700 1 





I ’  
CYCLE (115 11 CYCLE U15 I[ CYCLE (115 
I 11 1 II 1 
I 960 440 1 9 6 0  440 1 870 420 
5 257 1,180 5 200 1,170 5 209 1,170 
n 9 4 1  2,010 8 270 1 ,860  9 030 2,030 
13 170 2,960 13 340 3,003 13 610 3,050 
1 5  030 3,380 14 770 3.320 1 5  700 3.530 
NOTES : y ‘ I T ‘  d e n o t e s  t n s t s l l a t i o n  torque. 
21 Bolt-nut . # m e a b l y  t e a t e d  in T r a n i d u c e r  C o n t r o l s  l M d  c e l l .  
Ind lcator . 
T e n s i l e  clamp l m d  d e t e r m l n e d  froo RBI Strain 
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TABLE NO. V I 1 1  F 4 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
BAC B30FD SWIES EYX'ERNAL WRENCHING HEAD ALLOY STEEL BOLTS 
TEST CONDITIOX: TORQUE F R M  BOLT HEAD DESIGN CLAMP LOAD: 24 020 Newtons ( 5,400 Pounds) 
Bolt Par t  No.: BAC B30FW-16 Nut P a r t  NO.: H23-4 
Thread Size: 1/4-26  ~m-3~ Nut Material: AMs 6304 STEEL 
Bolt M a t e r i a l :  8740 STEEL Nut Finish: DRY FILM LUBE OVER CADMIUM PLATE 
Bol t  Finish: CADHIM FLUORORATE PLATE P E ~  u s 6 7 2  Washer Part NO.: MS 20002C4 h MS 20002-4 
BOIL S P e C l f l C a t l O ' l .  BOEING BpS-F-59 Hcle Size: 6,452 m ( 0.254 i n . )  
16.95 150 I T  1,620 i 530 1,030 4 800 1,080 6 850 1,540 
NOTES : 
-i?- ' IT '  denotea i n s t a l l a t i o n  toraue .  
Newtons I (Pounds) + 
CYCLE 8 2  
I 
1 730 390 
5 160 1 1,160 




CYCLE #5 I 
CYCLE #6 
1 160 I 260 
; 4% 1 1,:;:
11 250 2.530 
1 2  990 1 21920 
I 







2 850 540 
5 560 I 1,250 8 580 1.930 
10 140 I 2;280 
i 
21  Bolt-nut assembly t e s t e d  i n  Transducer  C o n t r o l s  load cell. 
I n d i c a t o r .  
T e n s i l e  clamp l M d  determined from RBI S t r a i n  
503 
TABLE NO. VI11 F 5 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 






TEST CONDITION: T a Q l I X  FROM NUT DESIGN C M P  LOAD: 102 300 N ~ W O ~ S  ( 2 3 . m  p o u n d s )  
B o l t  Pert No. : BAC B3OFD8-32 N U L  Parr !io. : H20-8 
Thread S i z e :  1/2-20  UNJF-3A Nut ?(at ,  r i a l :  AMS 6304 STEEL 
Bolt M a t e r i a l :  8740 STEEL Nur F i n I > b :  DRY FILM LUBE OVEK CAD'IIUM PLATE 
Bolt F i n i a t ; :  CADnILM FLUOBORATE PLATE PER NAS 672 uasilcr p a r t  x0. : 3s zooo2ca & ?IS m n 2 - 8  
Bolt Sprc 1 1 1 t d t i i i  . BOEING BPS-F-69 ~ o l ~ ,  S I L ~ . :  12.827 ~ l i n  0.505 19, )  
CYCLE PI5  
6 980 1,570 
12TH CYlZE 17 610 3,960 
1560 I T  50 890 11,440 47 731 10,730 
67 210 15,110 _1 63 120 14,190 
CYCLE #I5 CYCLE # I 5  CYCLE #I5 
6 230 1,400 GALLING GALLING 
CYCLE V15 
360 IT 
720 I T  15 350 3,450 I ~ T H  CYCLE 
1200 I T  36 650 8.240 33 980 7,640 
1920 I T  I 
81.35 1 720 IT 11 35 810 1 8;oso I/ 35 050 1 7;a80 35 360 7;95n 34 780 I 7;azo 34 6 5 1  7;790 
135.58 1200 I T  60 540 13.610 
176.26 1560 IT 73 880 16.610 
53 240 11,970 // 59 110 I 13,290 I 59 740 13 430 
77 803 17.490 75 390 16.950 
59 690 13 420 







- 11 ' I T '  d e n o t e s  l n s t a l l s t f o n  t o r q u e .  B o l t - n u t  a a s e m b l y  t e s t e d  i n  T r a n a d u c e r  Controls l o a d  c e l l .  
I n d i c a t o r .  
T e n s i l e  c l a m p  l M d  d e t e r m i n e d  frm RBI S t r a i n  
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TABLE NO. VIIIF 6 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-rEEISION TESTS OF 
BAC B3OFD SERIES EXTERNAL WRENCHING HEAD ALLOY STEEL BOLTS 
1560 I T  
2280 I T  
360 IT 
720 IT 
1200 T T  
TEST CONDITION: TORQUE FRW BOLT HEAD DESLCN CLAMP LOAD: 102 300 Newtons (23,000 Pounds) 
B o l t  Part Tu.: BAC B30FD8-32 N u t  Part No. : RZO-8 
T h r e a d  SiLe: 1\2-20 L!JF-)A N u t  Mati ,r ia l :  AMs 6304 STEEL 
B o l t  Xateriai : 8740 STEEL Nut F i n i s h :  DRY FILM LUBE OVER CAWIUM PLATE 
B o l t  F i n i s 1 : C A W I U M  FLUOBORATE PLATE PER NAS 672 Washer Part No. : MS 2 0 0 0 2 C 8  6 MS 20002-8 
BoIC Sprclll~ar;o . BOEING BPS-F-69 Hole Size: 12.827 m (0.505 i n . )  
60 090 13;510 40 700 9;lSO 47 590 10;700 46 390 10;430 43 720 9;830 
97 940 1 22,020 66 900 I 15,WO 81 620 I 18,350 82 150 I 18,470 74 010 I 16,640 
CYCLE 15 CYCLE 65 CYCLE 65 CYCLE 65 CYCLE /15 
9 700 2,180 6 720 1,510 9 160 2,060 8 010 1,800 7 700 1,730 
19 130 4,300 1 5  480 3,480 19 840 4,460 18 640 4,190 1 7  120 3,850 
32 250 7.250 I 26 550 5 9 7 0  31 710 7 130 32 340 7.270 30 690 6.900 
















































360 I T  16 150 14 950 15 120 14 900 14 410 3,240 
720 I T  /I 35 140 I ::,"E /I 33 360 I :$: 11 31 800 I ::::: I 31 220 1 ::::: 11 29 760 1 6,690 
1200 I T  58 090 1.3.060 55 200 12.410 51 550 11.590 51 950 11.680 50 890 11.440 
720 I T  23 040 5;180 16 460 Si700 21 130 4;750 20 730 4;660 21 350 4;800 
1200 I T  I/ 41 230 I 9,270 11 28 380 1 /I 35 270 1 7,930 I 35 940 1 8,080 11 38 070 I 8,560 
1560 I T  61 340 13.790 38 960 48 790 10.970 47 370 10.650 47 990 10.790 
2280 I T  11 100 660 1 22;630 1 67 790 I 15;240 1 83 800 I 18;840 1 84 690 1 19;040 11 77 750 I 17;480 
CYCLE U4 11 CYCLE e4 0 CYCLE #4 11 CYCLE #4 
360 I T  I/ 10 140 2,280 (1 7 290 I 1,640 11 10 320 I ::I // 9 030 1 2,030 I/ 8 760 1 1,970 
720 I T  20 950 4,710 16 500 3,710 20 370 4,580 19 660 4,420 18 950 4,260 
1200 I T  36 160 8.130 28 780 6.470 35 500 35 010 7.870 33 720 7.580 
1560 57 740 121980 38 300 81610 40 610 9:130 43 860 9'860 40 390 9:OSO 
2280 IT 11 91 370 1 21,890 11 58 580 I 13,170 11 54 550 1 16,760 I/ 75 930 I 171070 I 66 540 I 14,960 
360 IT 
720 I T  
1200 I T  
1560 I T  
2280 I T  
360 I T  
720 I T  
1200 I T  
1560 I T  
2280 I T  
'i ::;X;Il 1 5 830 1 1,310 I 6 270 1 1,410 /1 6 450 1 1,450 15 120 3,400 15 390 3,460 15 120 3,420 
28 780 6,470 28 560 6,420 27 270 6,130 
40 920 9.200 39 050 8.780 36 250 8.150 
78 420 I 17;630 66 450 1 14;940 65 650 1 14;760 58 580 I 13;170 
CYCLE #11 CYCLE 111 CYCLE # l l  CYCLE 611 CYCLE 111 
5 740 1.290 7 960 1.790 6 580 1.480 6 810 1.530 
Y ' I T '  d e n o t e s  i n s t s l l a t i o n  t o r q u e .  
21 B o l t - n u t  a s s e m b l y  t e a t e d  i n  Transducer C o n t r o l s  I w d  c e l l .  
I n d i c a t o r .  




























































































































































































TABLE NO. IX C I 
RESULTS OF 15-CYaE INSTALLATION TORQUE-TENSION TESTS 
OF BAC B 3 W  SERIES EXTERNAL WRENCHING HEAD TITANIUM ALLOY BOLTS 
TSSI W I T I O N :  TOXQUE FRCM NUT DESIGN CLAMP LMD: 35 940 Nenons ( 8,080 Pounds) 
Bolt Part No. : BAC B30MX5C10 Nut Part No. : BAC N l O H R  5 
Thread Size: 5/16-24 UNJF-3A Nut Mater ia l :  M S  6304 STEEL 
Bolt Material :  6A1-4V TITANIUM ALLOY Nut Finish: DRY PILI( LUBE OVER CADYIIM PLATE 
Bolt linish:CADMIUn U T E ,  qQ-P-416, TYPE 11, CLASS 3 
Bolt Specif icat ion:  BOEWG BPS-F-69 Hole S i r e :  8.03 m ( 0.316 in.) 
Washer Part  No.: MS 20002C5 h MS 20002-5 
I I I H 1 E 1 



















































IT 11 4 490 I 1.010 ~~ 
I T  
9 520 1 1::; IT 14 950 3,360 IT 21 620 4,860 IT 28 0  
CYCLE #3 
IT 11 4 090 I 920 
150 IT 
225 IT 
















































225 IT 10 5W 2,360 
300 IT 14 810 3,330 
350 IT 19 570 5,4W 
CYCLE #I5 
730 
1:; :: )I % I 1,480 
225 IT 9 920 2.230 
300 IT 14 280 3;210 
353 IT 11 16 770 I 3,770 
6 850 1 1,380 I 6 850 1 1,540 
12 140 2,730 15 030 3,380 
20 370 4.580 24 330 5.470 
2 710 1 610 1 3 070 1 590 3 870 1 8701 3 290 1 740 
5 870 1,320 5 850 1,540 8 140 1,830 6 940 1,560 
9 790 2,200 10 580 2,400 12 540 2,820 10 990 2.470 
15 350 3,450 15 080 3,390 I7 840 4.010 15 300 3,440 
21 880 4.920 18 590 4.180 22 370 5.030 20 590 4,630 I 
Nt7l'ES : 
21 Bolt-nut aascmby tented i n  LEC Force Washer, Tensile clamp lond determined from RBI Strain Indicator .  
denotes i n a t a l l a t i o ~  torqus. 
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T M U  NO. IX C 2 
RESILTS OF 15-CYCL.E INSTALLATION TORQUE-TENSION T ESTS 
OF BAC 83- SERIES EXTZRNAL WRENCHING HEAD TITANIUM ALLOY BOLTS 
Tm CONDITION: TOIlQUE FXW BOLT HPAD DESIQI CIAW LMD: 35 940 Wmons ( 8,080 Pounds) 
Bolt Part NO. : BAC 83IMXSClO Nut Part No. : BAC 810885 
Thread Size: 5/16-24 m n - 3 ~  Nut Uater ia l :  A% 6304 STEEL 
Bolt Uaterlal: 6A1-4V TITANIUM ALLOY Nut Finish: DRY FILM LUBE OVER CAMIDK PLATE 
Bolt Finish:cAmIUM PLATE, PQ-P-416, TYPE 11, CLASS 3 Washer Part NO.: US 20002C5 h US 20002-5 
Bolt Speciffcation: BOXING BPS-F-69 Hole Sire: 8.03 m ( 0.316 i n . )  
I n 
75 I T  6 853 1,540 6 WO 1,350 6 490 1,460 6 670 1,500 6 410 1.440 
150 I T  14 410 14 630 
225 IT 11 :: ::: i ::% :: :% 1 
300 IT 31 450 7,070 28 560 6,420 29 050 6,530 28 380 6,380 29 000 6,520 
375 IT 35 560 8.220 35 360 7.953 36 830 8.280 36 070 8,110 35 230 7,920 
I 22 460 1 ;:E I 22 680 1 i:::: I :: i?: 1 I I, 1 , .  11 CYCLLE #2 1 CYCLE #2 n I CYCLE 12 I CYCLE #2 I 
75 IT /I 5 340 1 1,200 I 4 400 I 990 I 5 160 I 1,160 I 5 740 I 1,290 I 5 560 I 1,250 I 
150 I T  12 720 2,860 9 520 2,140 11 250 2,530 12 050 2,710 11 830 2,660 
225 IT 20 370 0.580 16 500 3.710 17 390 3.910 18 770 4.220 17 880 4.020 
300 IT 29 850 5'710 23 800 5;350 24 463 5;500 25 530 5;740 24 820 5,580 
375 IT 33 760 I 7,590 1 33 540 I 7,540 35 900 I 8:070 32 470 I 7,300 I 31 890 1 7,170 
CYCLE #3 CYaE #3 I CYCLE #3 CYCLE #3 I CYCLE #3 
I I I I I n I 
8' :;: I 370 1 4 490 I 1,010 I 5 030 I 1,130 1,85  9 740 2,190 10 810 2,430 13 300 2.990 15 430 3.470 16 100 3.620 





375 I T  
75 IT 
150 I T  
225 IT 
300 I T  
375 IT 
5 290 1,190 3 690 3 a30 860 4 000 900 4 580 1,030 
10 810 2,430 lz  Cl3: I 1,: 7 830 I ;:;7: 8 180 1 1,840 8 670 1 1,950 
17 440 3,920 2,760 1 2  630 13 030 2,930 12 680 2,850 
26 330 5.920 16 720 3,760 16 950 3.810 18 060 4,060 1 7  440 3,920 
33 $00 7,150 20 370 4,580 23 890 5,370 ~ 24 200 5,440 23 000 5.170 
730 3 690 720 3 250 
1,480 6 720 1,510 7 960 1,790 
CYCLE #15 CYCLE X15 CYCLE #15 
75 IT 4 5'rO 1,020 
150 IT 8 360 1.880 
225 IT 12 190 2,740 2,490 11 340 2,550 11 480 
300 IT 18 010 1,050 3,750 15 210 3,420 16 240 
375 I T  23 350 5,250 4,580 21 040 4,730 22 820 
c Y a E  #i5 CYCLE X15 
I I I I I 
710 780 3 910 880 730 3 160 3 470 
1:; if ::: I 1,;: 6 360 1,430 6 670 1,500 7 740 1,740 7 920 1,780 
225 I T  11 830 2,660 10 230 2,300 10 050 2,260 11 160 2,510 11 790 2,650 
300 I T  18 680 4,200 14 230 3,200 14 100 3,170 15 660 3,520 16 860 3,790 
375 I T  26 110 5,870 18 150 4,080 19 530 4.390 22 330 5.020 24 380 5.480 
3 250 
e: 















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































i U-S 7 2 
u-s73 
! u-s74 
t u 4 7 5  
i 
I 1  






I t  
NAS 6 7 5V40D 
j " 4.813 1 .1895 t 24 910 
1 
4.811i ,1894' 24 200 I1  ' 
f 4.8163 ~ 8 9 6 '  24 460 
I 
#lo132 4.81330.1895 25 580 
" 4.811 .1894 25 420 
4.813: .1895 25 350 
I' 4.816 .1896 25 580 
It ; 4.811 .1894 I 25 530 
5/16-24 7.920'0.3118 69 210 
I 
---_ -_l-. ._ . 












-.-- - . ....-Z.w??--r-. 
I' 7.925, .3120 67 610 15,200 I 1  
I 1  I " 7.922 .3119 67 880 15,260 
1 It 7.925 ,3120 68 320 15,360 I t  




L-.-- I- - -  ._ - -I-- ~ - _ - _ .  
NWM : - 1/ Close t o l e r a n c e  hex head b o l t  fabr ica ted  from 6A1-4V t i tan ium alloy. NAS653 are  short 
thread b o l t s ,  and NAS 673 & NAS 675 are long thread b o l t s  per applicable NAS Standard. - 2/ Double shear teste  peformed on bolts previously subjected t o  t e n s i l e  s t r e n g t h  eva lue l t im  
tests. 
-__D 
31 Minimum double ehear load requirement per Table I V ,  Spec. NAS 621 noted a s  followan 
810-32 - 5,380 lb 0- 5/16-24 - 14,600 lb 
TABLE NO. X D 1 
RESULTS OF 15-CYUE IN~ALUTIOX TORQ'XE-TENSION TESTS OF NAS 
SERIES AEYIGON HEAD TITANIM ALLOY BOLTS 
TEST C M D I T I O N :  TORQUE FBC% HVI 
Bolt Part No. : U S  673 125 
Thread Size: #IO-32 W-3A 
Bolt M a t e r i a l :  M1-4V TITAllIM ALLOY 
Bolt Finish: BABB 
Bolt S p e c i f i c d t i o i .  IUS 621 
DESIGN CLAMP LOAD: 11 340 N e w t o n s  ( 2,550 Pounds) 
N u t  Part  No. : BAC N l O W  
l u t  M a i k r i a l :  ALLOY STEEL 
Nut F i n i s h :  DQY FILM LUBE OVER CADNIUH PLATE 
washer Part No. : AV960-10 
nole S i z e :  4.93 m ( 0.194 i n . )  
20 I T  
4.52 40 I T  :::: 1 60 I T  
2.26 20 IT 
4.52 .40 I T  
6.78 1 60 I T  I 
2.26 20 IT 
4 52 40 I T  
6178 1 60 IT 
60 I T  
20 IT itf 40 IT 
60 IT 
SPECIMEN NO. U-TB8 SPECLMEN NO.U-TZ99 SPECIMEN NO. U-T300 SPECLMEN NO. U-T301 SPECIMEN NO. U-T302 
3 380 1 760 I 1 650 1 370 /I 1 330 I 300 
12 680 2,850 3 300 2.090 8 670 1.950 
8 010 1,800 4 670 1,050 4 760 1,070 1,210 
2 220 500 1 200 270 1 820 410 1 560 350 1 420 320 
5 250 1,180 3 740 840 4 670 1,050 4 270 960 4 140 930 
3 920 2,230 6 810 1,530 8 580 1,930 7 520 1,690 7 700 1,730 
??'#IT' denote8 i n s t a l l a t i o n  torque. 




IABLE NO. X D 2 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF NAS 
SERIES KBXAGON HEAD TITANIUM ALLOY BOLTS 
TEST CONDITION: 
Bol t  P a r t  No.: ~ ~ ~ h 7 3 ~ 2 5  
TORQUE FRDn BOLT HWID 
Thread Size: 510-32 m - 3 A  
Bolt Material: 6 ~ 1 - 4 ~  TTTANIUH ALLOY 
Bolt Finish: 
Bolt Specrfrcetron. 621 
DESIGN CIAKP LOAD: 11 340 Nevtonn ( 2 ,550  Pounds) 
Nut P a r t  NO.: BAC NlOm3 
Nut Material: ALLOY STEEL 
Nut F i n i s h :  DRY FILM LUBE OVER CAMIUH PLATE 
Washer P a r t  NO. : AN960-10 
Hole Size: 4.93 mm ( 0.194 in.) 
NOTES ' 
T " I T T '  denotes  i n a t a l l a t i o n  torque .  
11 Bolt-nut aarembly t e s t e d  i n  Transducer Control. l m d  cell. 
I n d i c a t o r .  
T e n s i l e  clamp load determined f r m  RBI S t r a i n  
TABLE NU. X D 3 
RIfSULTS OF 1 5 - C Y U E  INSTALLATION TORQUE-TENSION TESTS OF NAS 
SERIES HMAGON HEAD TITANIUM ALLOY BOLTS 
TIST CCNDITIUN: TORQLZ FRM W? 
Bolt  Part No. : NAS6537139 
Thread Sire: Y 1 0 - 3 2  UNF-3A 
Bolt  U a t e r i s l :  6A?-4V TITANIUM ALLOY 
B o l t  I inish:  MRE 
Bolt  Speclficacion. NAS 621 
DESIGN CUELP L W D :  11 340 Newton. f 2 , 5 5 0  Pound.) 
Nut Part N o .  : BAC NlOHR3 
Nut Mater ia l :  ALLOY STEEL 
Nut Finish: DRY FILM LUBE OVER CADXIUM PLATE 
Washer Pert N o . :  A N 9 6 0 - 1 0  
 ale Size: 4 . 9 3  m ( 0.194 in.) 
2.26 20 IT 
4.52 I 40 IT 6 .78  6 IT 
2.26 1 20 IT 4.52 40 IT 6.78 6 IT 
2.26 I 20 IT _. 
40 IT :;: 1 60 IT 
7.91 70 IT 
jPECE+EN N0.U-T308 SPECMEN NO. U-T3 SPECIMEN NO.U-T310 SPECMEN NO.O-T311 
3 110 1 700 I 3 160 1 710 I 3 070 1 690 I 2 980 1 670 
7 070 1.590 6 940 1,560 6 580 1,480 6 810 1,530 
11 300 2,540 11 120 2.500 9 390 2,110 11 080 2,490 
I 1  160 2.510 
t;: 1 ii: 1 1 730 I 390 1 1 690 I 380 4 45 1,000 4 490 1,010 
6 980 1 ,570  8 010 1.8W 7 870 1,770 
8 580 1 , 9 3 0  
NOTES : L/ ' I T '  denotes  i n s t a l l a t i o n  torque. 
21 Bolt-nut aaaembly teated i n  Transducer Controls load c e l l .  Tensile clamp load d e t e m i n e d  f r a  R B I  S t r a i n  - 
Indicator .  
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T U L E  NO. X D 4 
RESULTS OF 15-CYU.E INSTALLATION TORQIJE-TINSION TESTS OF NAS 
SERIES HEXAGON HEAD TITANIM ALLOY BOLTS 
TEST CQlDITION: 
Bolt Part No. : m5653V39 
Thread Sire: #lo-32 m-3~ 
Bolt Material: b A l 4 V  TITANIM ALLOY 
Bolt Finish: BARE 
Bolt Specification. NAS 621 
TOlQUE FROM BOLT KeAD OESICN CLAW LOAD: 11 340 Newton. ( 2,550 Pounds) 
Nut Part No. : BAC NlOHIU 
Nut Material: ALLOY STEEL 
Nut Finish: DRY FIIM LUBE OVER CADKIM PLATE 
Washer Part No. : AN960-10 







































C Y U E  #11 I[ C Y U E  #11 n C Y ~ E  111 
70 IT 7 033 1;530 4 180 I 940 4 850 1,090 
IT 
C Y U E  #15 C Y U E  #15 CYCLE #15 
20 IT 1 070 240 350 80 310 70 
40 IT 2 890 650 1 510 340 1 160 260 
60 IT 5 650 1,270 3 070 690 2 850 540 
70 IT 6 940 1,560 4 490 1,010 4 000 900 
IT 
I CYCLE #3 11 CYCLE #3 
1 600 360 1 420 320 
I CYCLE#4 u CYCLE% 
1 560 350 1 420 370 
CYCLE #lo 
3 600 3 340 
I U I 
I I 
C Y U E  1.11 11 CYCLE #ll 
c Y a E  #is CYCLE #15 
2 890 2 540 
NOTES * 
I / " l T '  denotes install6tion torque. 
2/ Bolt-nut assembly tested in Tranaducer Control. load cell. 
Indicator. 
Tensile clamp load determined fran RBI Strain 
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TABLE NO. X D 5 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF NAS 
SERIES W G O N  HEAD TITANIlM ALLOY BOLTS 
TXSI COLPDITION: TORQUE FROM twr 
Bolt P a r t  No. : NAS 6758290 
Thread Sire: 5/16-24 W-3A 
Bolt Materla1: 6A1-4V TITANIM ALLOY 
Bol t  l i n i s h :  BARE 




































( i n - l b  f )  
100 IT 
200  I T  










200 I T  








100 I T  
200 IT 
300 I T  
I T .  
IT 
100 IT 









DESIGN CIAUP LOAD: 32 789 Newtons ( 7,379 Pounds) 
Nut Part No. : BAC N10HRS 
Nut M a t e r i a l :  ALLOY STEEL 
Nut F i n i s h :  DRY FILM LUBE OVER C A D Y I M  PLATE 
Washer P a r t  No.: AN960-516 
Hole S i z e :  8 .03  m ( 0.316 in.) 
NUIES' 
T * ' I T '  denotes  i n s t a l l a t i o n  torque .  
Bolt-nut aaicmblv teated i n  Transducer  Control.  l M d  c e l l .  T e n s i l e  clamp load determined tram RBI S t r a i n  - 
I n d i c a t o r .  
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TABLE NO. X D 6 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF NAS 
SERIES HEXAGON HEAD TITANILM ALLOY BOLTS 
TEST CDNDITION: TORQUE ERW NUT 
Bolt P a r t  NO. : NAS 675V40D 
Thread S i r e :  5/16-24 w - 3 ~  
Bolt Uaterlal: 6A1-4V TITAmUM ALLOY 
Bolt  Finish: BARE 
Bolt  SpeCifiCetlOn. NAS 621 
DESIGN CLAW LOAD: 32 780 Newton8 ( 7,370 Pounds) 
Nut P e r t  No. : BAC N l m 5  
Nut K i t e r i a l :  ALLOY STEEL 
Nut Finish: DRY FILM LUBE OVER CADMILIN PLATE 
Waaher P e r t  No. : AN960-516 
Hole Sire: 8.03  m ( 0.316 i n . )  
R " Y 1 





CYCLE #4 I 
20 990 4,720 







16 190 3,640 




12 450 2,800 7- 20 020 4,500 
INDUCED CLAW LOAD 
I I 
CYCLE #2 CYCLE #2 
7 650 1 ,720  6 940 1 ,560  
17  350 3,901 16 990 3,820 
27 310 6,140 25 560 5,770 
CYCLE #3 11 CYCLE #3 
I I1 I 
7 259 1 1,630 I 7 030 I 1,580 
1 6  640 3,740 19 400 4,380 
25 890 5,820 31 850 7,160 
CYaE CYCLE #4 
6 890 1 ,550  6 760 1 ,520  // 23 400 I il;:: 1 5  390 16 190  23 970 1 
I II I 
CYCLE US 1 CYCLE 1 5  
I I 
CYCLE #6 CYCLE #6 
I I1 I 
CICLB #lo 11 CYCLE #IO 
I 6 090 , 6 270 1 ,410  1 ,370  1 4  320 3,220 14 630 3,290 22 600 5,080 21 970 4,940 CYaE (11 CYCLE 111 




CYCLE #4 I 





13 970 3,140 
2: z: 1 5,190 
__ 
& a E  #IO 
CYCLE 211 
I 
9 920 2,230 
20 950 
32 070 1 ::::: 1 
I CYCLE #6 
CYCLE #IO I 
14 280 
T ' I T '  denoteB i n s t a l l a t i o n  torque .  z/ Bolt-nut asaembly t e s t e d  i n  Tranmducer Control. load cell. 
I n d i c a t o r .  
T e n s i l e  clamp load determined f r a  BBI S t r a i n  
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TABLE NO. X D 7 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF N4S 
SERIES WLAGON HEAD T I T A B I M  ALLOY BOLTS 
TESX CQIDITION: 
Bolt P a r t  No.: NAS 675V40D 
Thread Size: 5/16-24 m - 3 A  
Bolt Uaterial: 6A1-4V T I T A B I W  ALLOY 
Bolt linieh: BARE 
B o l t  Speelficarion: NAS 621 
TORQUE FRM 3OLT HEAD DESIGN CtAWp L W D :  32 780 N e w t o n .  ( 7,370 Pound.) 
N u t  Part No.: BAC NlOXR5 
N u t  Waterfat: ALLOY STEEL 
Nut F i n i s h :  DRY F I L Y  LUBE OVER CADMIUM PLATE 
Washer P a r t  N O . :  A11963-516 
Hole Size: 8.03 m ( 0.316 in.) 
I T  I I 
I 11 CYCLE #2 ! CYCLE #Z 
11.201 100 11 7 030 1,580 I 6450 1 1.450 
22.60 200 I T  14 630 3,290 14 957 3,360 
33.90 300 IT 22 060 4,960 25 449 5,721) 
36.72 325 I T  24 600 5,530 
CYCLE 03 c Y a E  #3 
11.30 100 IT 
22.60 200 IT 
33.90 3W IT 
22.60 200 IT 11 430 2:570 13 260 2:980 
13.901 300 I T  11 18 010 I 4,053 11 21 750 I 4,890 
36.72 325 IT 19 930 4.480 
I I '  II I 
CYCLE #6 CYCLE 16 
I II I 
11.30 100 11 5 160 1,167 5 120 1,151 
22.67 200 IT 11 340 12 230 2,750 
33.901 300 11 11 18 150 1 I/ 20 050 I 4.510 







33.90 I 36.72 100 IT (1 4 980 1 1,120 I 5 560 I 1,253 200 IT 10 630 2,390 12 140 2,730 300 IT 15 660 3.520 19 660 4.420 1 1,120 1 l; ;;; 1 ;:3;; 100 1 I 4 980 200 IT 10 990 2.470 300 IT 16 410 3,690 19 350 4,350 325 IT 18 240 4,100 c y a g  015 CYCLE 115 
lI.30~ 100 1; I ; 29 1 l,;;; 1 5 250 I 1,180 
22.60 200 I T  1 1  120 2,500 
33.90 300 IT 14 320 3,220 17 080 3 , 8 4 0 -  
36.72 325 IT 17 700 3,980 
SPECMEN N0.U-1330 SPECMEN NO.U-T331 SPECIMEN NO. U-T332 
W LOAD 
9 430 1 2.120 I 7 701) 1 ::7:: I IO 190 1 2.291) 
19 660 4,420 16 770 20 820 4.680 
30 110 5,770 27 580 6,200 32 430 7,290 
32 510 7,310 29 800 6,707 
I I I U I 
CYCLE $2 I CYCLE 0 2  1 CYCLE It2 
28 650 61440 31 989 7;190 
CYCLE 83 CYCLE (13 CYCLE "3 
5 450 1,457 4 630 1,049 7 210 1,620 
15 080 3,390 14 540 3,279 15 790 3,550 
24 050 5,410 28 240 6,350 26 730 6,010 
26 510 5,963 30 250 6,801) 
5 740 1 1.290 I 5 730 1 
12 940 2,910 13 740 
20 460 4,607 23 220 5,220 
23 800 5,350 25 130 5,653 
V * I T '  denote# installation torque. 
T I  Bolt-nut aaaembly teated in Tranaducer Controls load cell. 
Indicator. 




























































































































































































































































































































































































































































































































































































































































































































































- - - - - - .  
11.0791 
11,087 
" ~ 11.077! 
It 11 079! 
I .4362 138 780 31;200 ~ 
,4369 131 660 29,600 2 
.436fi I39 220 31,300 
.4362 137 000 i 30,800 1 
TABLE NO. X I  D 1 
RESULTS OF 15-CYCLE INSTALLATION TORQLIE-TENSION TESTS OF 
BAC B3ONW SERIES HEXAGON HEAD TITANIUM ALLOY BOLTS 
DESIGN CLAMP LOAD: 73 390 N e w t o n s  ( 16,500 Pounds) TEST CONDITIOS: TORQUE FRm N L I  
B o l t  Part Tu.: BAC E30WjC21 N u t  Part NO. : BAC NIffiW7 
Thread  Size: 7/16-20 ~ w n - 3 ~  Nut natLrial: ALLOY STEEL 
Bolt ? ! a r t r i a . :  bA1-4P'rcrm\NIUM ALLOY Nut Finish: DRY FILM LUBE OVER CAIXIUM PLATE 
Bol t  F x ~ l a : . :  CAMIUM PLATE, QQ-P-416, TYPE 11, C U S S  3 
B 0 : t  S p v c : : ~ ~ a r i ~ ~ .  BOEING BPS-F-69 
Washer P a r t  N O . :  AN960-716 
Hole s i r e :  11.23 m ( 0.442 i n . )  
16.95 150 I T  
11 030 1 :::;: 7 160 I 1,610 33.90 300 I T  23 26 16 280 3,660 
50.84 450 I T  34 920 7,850 29 000 6,520 
67.79 600 I T  47 500 10,680 37 900 8,520 
101.69 900 I T  72 990 16,410 58 800 13,220 
CYCLE 112 CYCLE #2 
I I 
16.951 150 I T  11 10 721 :::4: I 6 410 1 1,440 
33.90 300 I T  22 330 5,020 13 390 3,010 
50.84 450 I T  32 960 19 220 4,320 
67.79 600 I T  44 390 9,980 27 040 6,080 
101.69 900 I T  62 580 14,070 45 680 10,270 
CYCLE X3 CYCLE #3 I II I 
1 16.951 150 I T  1 9 610 2,160 I 6 580 :::41 33.90 300 I T  19 480 4,380 11 880 2,670 50.84 450 I T  28 470 6,400 18 680 4,200 67.79 600 I T  39 850 8,960 25 840 101.69 900 I T  56 890 12,790 42 480 9,550 CYCLE #& CYCLE 
16.95 150 I T  8 900 2,000 6 180 1,390 
33.90 300 I T  18 050 4,050 12 230 2,750 
50.84 450 I T  22 770 6,120 1 7  660 3,970 
67.79 600 11 37 590 8,450 24 780 5,570 
101.69 900 I T  54 840 12,330 42 970 9,660 
CYCLE #5 CYCLE (15 
I I 
16.95 150 IT 9 070 2,040 6 230 1,400 
33.90 300 IT 18 460 4,150 14 770 3.320 
50.84 450 I T  26 550 5,970 24 860 5,590 
67.79 60'3 11 36 470 8,203 31 030 7,350 
101.69 900 I T  52 660 11,840 57 600 12,950 
I I  11 CYCLE #6 11 CYCLE 66 
57.79 603 I T  35 270 71930 35 630 3;OlO 
60 580 I 13,620 101.69 900 I T  53 150 I 11,950 
CYCLE 110 CYCLE #IO 
CYCLE #I1 
33.90 300 I T  13 260 2;980 
53.84 453 I T  21 620 I 67.791 600 I T  11 31 710 I 11 
I 16.951 150 I T  11 6 450 I 1.450 11 
I 
101.691 900 I T  $9 060 I 11;030 I 
CYCLE 115 I CYCLE #I5 1 16.951 150 IT 6 320 1,420 1 
33.90 300 IT 12 850 2,890 
50.84 450 IT 21 310 4,790 
67.79 600 IT 30 960 6,960 
101.69 900 IT 47 060 10,580 1 
IMP LOAD 
N e w t o n s  I (Poundal 
CYCLE bl  
CYCLE 1t2 
I 
9 470 I 2.130 
19 390 4;360 
33 580 7,550 
40 340 9.070 




7 740 1,740 
16 410 I 3.690 
CYCLE 66 
33 380 7;640 
51 200 I 11,510 
CYCLE #IO 
 
37 500 Si430 
50 930 1 11,450 
I 
CYCLE #I1 2l 03: I 1,580 
14 140 3,180 
5,060 
31 890 7,170 
48 170 10,830 
I 
CYCLE 615 
13 430 3,020 
21 410 660 I 4.870 
N e w t o n s  (Pounds) I N e w t o n s  I (Pounds) 
CYCLE 61 II CYCLE #I 
1 1 
10 450 2,350 9 560 2,150 
22 510 5,060 20 860 4.690 
34 650 7,790 31 940 7,180 
46 130 10,370 43 370 9,750 
69 260 15,570 65 960 14,830 
CYCLE 62  CYCLE e 2  
8 580 1,930 7 560 1,700 
18 100 4,070 16 990 3,820 
27 310 6,140 26 870 6,040 
37 670 8,470 36 430 8,190 
57 290 12,880 55 420 12,460 
CYCLE /13 CYCLE iC3 
7 700 1 :::7 1 6 980 I 1:570 
16 010 14 770 3,320 
24 510 5,510 22 950 5.160 
33 760 7,590 31 000 6,970 
50 930 11,450 47 550 10 690 
~ 
CYCLE #4 
7 210 I 1,620 74:; 7 1,450 
15 480 3.480 13 920 3.130 
CYCLE 85 1 CYCLE N5 
ll 1 
30 690 6;900 28 560 6;420 
47 460 I 10,670 I 43 280 I 9,730 
CYCLE C6 I N C L E  ff6 
7;030 33 140 :: 1: 10,740 1 49 550 1;:;:; 
14 280 3,210 IOTR CY E 
21 710 4,880 
29 760 6,690 
CYCLE #IO &CLE #IO 
1,520 GALLING 
44 880 10,090 
CYCLE #ll CYCLE #I1 




' I T '  d e n o t e s  in s ta l la t ion  torque. 
B o l t - n u t  assembly t e s t e d  in T r a n s d u c e r  C o n t r o l s  l o a d  c e l l .  
I n d i c a t o r .  
T e n s i l e  clamp l o a d  d e t e r m i n e d  frm RBI S t r a i n  
523 
TABLE NO. X I  D 2 
RESULTS OF 15-CYCLE INSTALLATIOJ rORQLIE-TENSION TESTS OF 
BAC E30 NH SEIlIES W G O N  HPAD TITXVIUII ALLOY BOLTS 
4 670 I 1,050 
10 810 2,430 
17 300 3.890 
25 090 5,640 
45 730 10,280 
C Y U E  111 
5 200 1,170 
10 810 2,430 
I5  920 3,530 
22 730 5,110 
42 790 9 ,620  
CYCLE $15 
TIS1 CLXUITION: TORQUE FROX BOLT HAAD DESIGN CLAW LOAD: 73 390 Newtons ( 16,500 Pounds) 
Bolt Part NO. : BAC B3ONX7C21 Nut Part No. : BAC '11D:iiJ 
Thread S i z e :  7/16-20 uKTF-3A NUC Haterial: ALLOY s r i a  
801: Haterisl: 6A1-4V TI"WNIM ALLOY Nut F i n i s h :  D9Y FILM LUBE OVER c\3(1ILM P L K E  
BoIt F i n i s t i : C \ M I M  PLATS, QQ-P-416, TYPE 11, CLASS 3 
Bolt Specification. B O I I N G  BPS-F-63 Hole Size: 11.23 m ( 0.4'+2 i n . )  
Washer Part No.: AN963-716 
4 310 2 580 580 3 830 860 
8 270 1.850 97  1 1;: 5 290 1,190 8 670 1,950 
12 370 2,780 11 300 2,5b0 8 103 1,820 13 480 3,030 
1 7  530 3,940 17 610 3,960 I1 610 2,610 20 510 4.610 
30 520 8,210 28 070 6.310 44 390 9 ,981  
C Y a E  $11 CYCLE U l l  CYCLE #11 CYCLE b l l  
4 000 900 2 890 650 2 220 500 3 290 740 
8 180 1 ,840  6 980 1,570 6 050 1,360 8 450 1,900 
11 920 2,630 IO 940 2,460 9 830 2.210 12  810 2.880 
16 410 3,690 16 240 3,650 14 590 3,280 19 300 4.340 
34 610 I 7,780 35 810 8 , 0 5 3  31 220 I 7,020 42 700 I 9,600 
I CYCLE Ul5 CYCLE (115 CYCLE XI5 CYCLE #I5 
I " 
33.90 100 IT 
50.84 450 I T  
67.79 600 I T  
GALLING 
i 3 r ~  CYLE 
GALLING 
51.84 450 IT 
57.79 600 IT 
107.14 950 I T  
2 801 530 2 710 510 GALLING 
6 630 1,490 5 b70 1 ,230  13TH CYCLE 
i n  410 2,349 8 810 1.980 
14 $10 3 , 2 4 0  12 990 2 ,920  
31 670 7,120 26 290 5,910 . 
16.95 150 IT 
j3.90 300 IT 
59.84 450 IT 
50.48 450 IT 
67.J9 h7O I T  
107.34 957 I T  
16.95 150 11 
33.90 3W I T  
57.48 450 11 
67.79 6W IT t107.3L 950 11 
4 8'30 1,030 5 $30 1,220 5 I 3 0  1,130 4 490 1,010 5 830 1.310 
12 903 2,900 1 2  100 2,720 12 500 2,810 10 050 2,260 13 430 3,020 
20 $20 4,590 18 730 4,210 19 131 4,301 15 $33 3,470 21 130 4,753 
28 657 6,440 27 580 5 ,201  27 490 3,181) 21 881) 4,920 31 541 7.090 
55 960 12,587 56 270 12,203 53 169  12,029 41 05'1 9,230 57 510 12,910 
CYCLE 113 . CYCLE #3 CYCLE #3 CYCLE "3 CYCLE 1 8 3  
5 650 1,270 P 3h7 381 3 057 820 720 3 617 810 
18 903 6 , 2 5 3  14 541 3,270 13 741 3,090 9 311 2 ,091  14 503 3,260 
3 20'3 
13 170 2,960 3 3$4 2,103 i 353 1,887 6 270 1 ! ,410 , 3  I60  1 2,05Q 
27 530 4,190 20 i67  4,6313 20 331) 4,570 12 7 7 1  2,870 22 370 5 ,030  
57 220 11,290 46 660 10,490 42 970 9 ,663  30 960 6.960 +6 930 lo.% 
CY- 110 CYCLE $10 CYCLE #10 CkCLE #10 1 CYCLE #I0 
I I 1 I 
Y " 1 T '  denotes installation torque. 
11 Bolt-nut asaerbly teated in Transducer C o n t r o l s  l M d  cell. 
Indicator. 





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































RESULTS OF DOUBLE SHEAR STRENGTH TESTS OF RD111-4008 AND 
RDll l-4009 SERIES EXTERNAL WRKNCHING HEAD A286 CRES 1379.0 M N / d  
(200 KSI) BOLTS 
-7 ~ ,~ _" _. __... ^^I._ -. -- ._I-.-- ". -_ .- --^ - 
ahan  c NX.3 la&: 32FJ R C:c;t,E S F W  ~ T ~ X ~  
'+ --- - -- - *- 1 - - - -  . r r  ' 3 EST LCxr) - _  - 
; i i L  ; 1 -- t --. - -  - - T- 
" _ _  _ .  
Newt 011s ; ; d L ' S )  - 






























3OLT PART 10 
' : i . - l r  
RDlll-4008-0419 1/4-28 6.347 
6.345 
I 1  It 6.345 
11 
0.2499' 54 270; 12,200 857.7 














.24981 54 710: 12,300 
.2499 54 270' 12,200 
,2497 54 440 12,240 
11 













I 1  
I 1  
11 
0.2494 51 150 11,500 
.2493 51 060 11,480 
.a493 50 710 11,400 
,2493 50 350 11,320 








0,2498 52 400 11,780 
.2498 51 950 11,680 
.2500 52 400 11,780 
,2495 52 040 11,700 
.2496 52 040 11,700 
RD111-4008-6418 ' 1/4-28 
I1  1 1  
11 I 1  
11 I 1  
11 I f  
A-S11 
A 4 1 3  
A-€414 
A-Sl5 
A 4 1 6  
A 4 1 7  
A 4 1 8  




A 4 2 2  
A4323 
A 4 2 4  
8-825 
RDlll-4008-0513 5/16-24 
I t  $1 


























26 , 300 
26,100 
25 , 600 
25,800 

































I 1  
I 1  
I 1  
t 
RD111-4009.6518 5/16-24 7.930 
I 1  7.930 
I f  7.922 
11 7.925 
I 1  " 7.930 1 107.9 107.1 1 
A4426 RD111-4008-0618 3/8-24 9.474 





A 4 3 0  
11 
9 1  
I 1  






... - ,. . 
NOTL:.- ; - f m t e r n a l  wrenching head bolt fabricated from A286 CRES per Rocketdyne Standards RD111- 
4008-and RR111-4009. 
lube, as noted. 
evaluation t e s t s .  
Bolts furnished w i t h  passivate, silver plate ,  or dry f i l m  
- 2/ Double ahear t e s t s  performed on bolts  previously subjected t o  tens i le  etrength 
3/ Minimum double shear loads not specified for this  b d t  ser ies .  0- 
529 
P ' W  PaQ X I 1  c 2 
RESULTS OF DOUBLE SHEAR STRENGTH TESTS OF RD111-4008, 
A286 CRES 1379.0 HN/rn2 (200 KSI) BOLTS 
RD111-4009 and RD111-4012 SERIES EXTERNAL WRENCHING HEAD 0 
_---  
A431 













I t  
I 1  








11 I I  
11 11 
II I 1  
I 1  I1  










12.659 ' .4984 
12.659; .4984 
12.644 .4986 
.I-___^ - -  __- -4- * -T"L= 
162 800: 36,600 
152 570, 34,300 
158 790: 35,700 
157 460' 35,400 
159 240, 35,800 
191 710: 43,100 
194 820, 43,800 
192 150' 43,200 
193 040 43,400 











191 260i 43,000 759.8 
192 150, 43,200 762.6 
193 040 43,400 766.7 
192 600, 43,300 ' 765.3 


















..- l/ External wrenching head bo l t  fabricated from A286 CRES per Rocketdyne Standards RDlll- 
- 2/ Double shear t e s t s  performed on b o l t s  previously subjected t e  t e n e i l e  strength evalua 
4008, RDlll-4009, and RD111-4012. 
f i lm lube, as noted on applicable standard drawing. 
test 8 .  
Bol ts  furnished with passivate,  si lver p la te ,  or dry 































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































A-S 5 1 

















T M L E  Nd, X I 1  E 
RESULTS OF ELONGATION AND REDUCTION OF AREA TESTS 
RDl l l -4912 SERIES A286 CRES BOLTS 
OF' REDUCED GAGE SECTION RD111-4008, RD111-4009, AND 
RD111-4012-3722 
I1  
I 1  
II 
I1 1
I 1  
I 
RD111-4008-6824 
I 1  
I 1  
I 1  





- -  











I 1  
1/2-20 
11 
I t  









































NOTES - 1/ T e a t  specimen incorporating reduced gage sect ion machined i n  
b o l t  shank area from external wrenching head b o l t s  fabricated 
from A286 CRES conforming t o  RD111-4008, RDl l l -4009, and 
RD111-4012 standards. 
noted i n  Table 
- 2/ Evaluation tests performed on reduced gage sect ion bo l t  specimens 
TABLE NO. X I 1  F 1 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
BDlll-4008 AND RD111-4009 SERIES EXTERNAL WRENCHING HEAD 
A286 CRES BOLTS 
DESIGN CLAMP LOAD: 21 350 Newtone ( 4,800 Pounds) IEST CONDITION: TORQUE PRCM NLV 
Bolt Pnrt No.: RDlll-4008-0414 NUL Part No. : VN405 BO68 
Thread Size: 1/4-28 UNF-3A Nut M a t . r i a 1 :  A286 CRES 
Bolt Material: A 2 8 6  CORROSION RESISTANT STEEL Nut F i n i s h :  SILVER PLATE PER AMs2410 
Bolt F l n i s h :  PASSIVATE PER IIL-S-5032 Washer Parr Y O . :  M S 2 0 0 0 2 C 4  h NS20002-4 
















































26 .55  -
50 IT 
LOO IT 
153 I T  
200 I T  
235 I T  
50 I T  330 210 ZALLINC 497 90 GALLING 
103 I T  2 670 603 13TH CYC.E 2 360 530 12TH CYCLE 
207 IT 7 033 1 , s ~  7 160 1,610 
235 IT 7 125 2,051 3 700 2,180 
151 I T  i 710 1,060 4 800 1,080 
NOl'ES: 
I/ 'IT' denote, installation torque. 
f/ Ilolt-nut aaiembly tested in Tranmducer Control. l o a d  cell. 
Indicator. 
Tensile claw l M d  determined frm RBI Strain 
533 
TABLE NO. X I 1  F 2 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
RDlll-4008 AND lDl11-40W SERIES EXTEXNAL WRWCBING HEAD 
A286 CRES BOLTS 
TEST CONDITION: TO3QL'E FXCPI V U I  DESIGN CLAMP LOAD: 21 350 Newtons ( 4,800 Pounds)  
Bolt Part No. : RDlll-4038-6418 Nut Part  No. : VN405 Bo48 
Thread Sire: 1/4-26 LW-U Nut Material: A286 CRES 
Bolt Material: A286 CORROSIOY RESISTAm STEEL Nut F i n i s h :  SILVER PLATE PER kW2410 
Bolt F i n i s h :  MOLYBDENUM DISULFIDE DRY FILM LUBE Washer P a r t  N O .  : MS20002C4 h MS20002-4 












































50 IT 11 6 360 1 1,430 I 4 980 1 1,120 I 2 800 1 630 I 4 360 1 980 
103 IT 12 190 2,740 10 540 2,370 7 120 1,600 9 920 2,230 
150 IT 19 080 4 ,299  16 900 3,800 12 990 2,920 16 720 3,760 
185 IT 21 840 4,910 21 440 4,820 18 460 4,150 21 260 4,780 
II I II I II I I 1 
CYCLE $12 1 CYCLE 62  n CYCLE $12 1 CYCLE (12 
I II 
50 
U I I 1 
CYCLE fr3 CYCLE 113 11 CYCLE $13 CYCLE #3 
50 IT / /  6 803 I 1.080 11 3 560 800 2 980 670 2 090 470 :;: ; 11 10 360 :;23: 1 8 590 I 1,930 1 8 320 1 1,870 I 5 780 1 1,300 6 7 14 32 3,220 13 370 3,140 10 360 2,330 185 IT 19 660 4,420 19 170 4,310 17 790 4.000 15 300 3,440 
53 IT 
100 IT 11 :zi 1 1,:; I ;i: I 1,:;: I % 1 1,:;: I :i 1 ii: 153 IT  13 030 2,930 10 230 2,300 8 720 1,960 8 320 1,870 185 IT 16 990 3.820 14 190 3,190 11 160 2,510 11 430 2,570 
CYUE #10 u CYCLE 110 1 & U E  d10 
50 IT  
100 IT I ::: 1 1,;: I ::: I 1,:;: 1 : ,'E I ii: I : i:: 1 i:: 
150 IT 12 850 2,890 8 053 1,810 7 470 1,680 6 490 1,460 
185 IT 15 520 3,490 11 433 2,570 9 650 2,170 10 320 2,320 
II I II I II I U I 
CYCLE C11 11 CYUE 111 1 CYCLE #ll n CYCLE #ii 
1 330 300 1 110 250 
3 780 850 3 340 750 
7 290 1,640 7 520 1,690 
10 590 2,380 
CYCLE d15 CYCLE 115 CYCLE 615 
GALLING GALLING 
12TH CYCLE 12TH CYlZE 
960 I 440 50 IT 3 420 770 100 IT  7 290 1,640 4 800 1,030 150 I T  12 450 2,800 7 700 1,730 185 IT  14 990 3,370 10 850 2,440 9 740 2,190 
CYCLE K15 
50 IT GALLING GALLING 
103 IT  15TH CYC.E 14TH CYC.B 
150 IT 
185 IT 
N 6 E S :  
7' I T '  d e n o t e s  i n s t a l l a t i o n  t o r a u e .  
Newtons ( P o u n d s 1  
CYCLE +1 
 
4 540 1,020 
10 140 2.280 
16 410 3,690 
20 990 4,720 
CYCLE 1 2  
 
3 910 880 
9 210 1 2,070 




3 070 690 
ZCY8;: i' 630 
6 630 1.490 
11 210 2;520 





10 990 I 2;470 
CYCLE 111 
CYCLE 1115 
. -  
if Bol t -nut  aasembly t e s t e d  i n  Tranmducer C o n t r o l s  load cell. 
I n d i c a t o r .  
T e n s i l e  clamp l o a d  de termined  fran RBI S t r a i n  
534 
TABLE NO. X L I  F 3 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TFXSION TESTS OF 
RDlll-4008 AND RDlll-4009 S E R I E S  W E R N A L  WRENC*ING HEAD 
A286 CRES BOLTS 
DESIGN CLAMP LOAD: 21 350 Newtons ( 4,800 Pounds) TEST CcXDITION: TORQLIE FBOH NVT 
Bolt Part No. : RD111-4003-3414 Nut Part No. : VN405 BO48 
Thread S i z e :  1/4-28  m - 3 A  Nut M a t i r i a l :  A286 CSES 
Bolt Materral: A286 c o i L ~ 0 ~ I O V  BES1STA"IT STEEL Nut Ftnish. SILVER PLATE PER A!!2410 
Bolt Plnish: SILVES PLATE PE! A..S2410 Washer Part NO.: t4S20002C4 h XS20002-4 




































NUCES: 1-r 'IT' denotes installation torque. 
21 Bolt-nut amaembly tested in Transducer Controls load cell. 
Indicator. 
Tensile clamp lMd determined frm RBI Strain 
535 
TABLE NO. XI1 F 4 
RESULTS OF 15-CYCLE INSTALLATIOX TORQUE-TKNSION TESTS OF 
RDlll-4008 AND RDlll-4009 SERIES W ~ E W A L  WRENCHING HPAD 






TEST CONDITION: TOXQJE FRON BOLT 3U.D DESIGN CLAMP LOAD: 21 350 Newtons ( 4,800 
Thread Sire: 1/4-28 LW-3A Nut Material: ~ 2 8 6  a s  
Bolt Finish: PASSIVATE PEX MIL-S-5002 Washer Part NO.:  ~s20002c4 & MS20002-4 
Bolt S?ecliicatlor.. ROCKETDYNE STD. RDlll-4008 H O I ~  size: 6.452 m ( 0.254 in.) 
Bolt Part No. : RDlll-4008-O419 Nut Part NO.: VN405 BO48 
Bolt Material: A286 COXROSIo?I RESISTANT STEEL Nut Finish: SILVER PLATE PER AMs2410 
440 1 870 . 420 1 780 400 1 870 120 620 140 1 960 
5 530 1,480 2 853 640 5 690 1,280 5 830 1,310 5 160 1,160 
12 540 2,820 5 120 1,150 10 140 2,280 10 100 2,270 8 670 1,950 
16 640 3.740 8 810 1,980 15 350 3,450 14 770 3,320 12 770 2,870 
19 530 4.390 11 560 2,600 19 130 4,300 18 550 4.170 15 920 3.580 














12 503 2,810 3 030 2,030 15 880 
CYaE #5 CYCLE 15 CYCLE #5 n c  









































1,620 11 560 2;600 11 650 2i620 10 410 21310 
235 IT 22 640 5,030 3,180 22 020 4,950 20 820 4,680 18 500 4,160 
200 IT 19 970 4.490 2,660 17 300 3,890 16 950 3,810 15 210 3,420 
CYCLE 112 CYCLE #2 CYCLE 8 2  
150 IT 13 703 3,080 
CYCLE ri2 CYCLE #2 
260 1 020 230 1 070 
3 330 760 3 510 790 4 140 930 3 690 830 3 250 730 
5 920 1,330 5 870 1,320 7 250 1,630 6 670 1 1,5W 5 600 1,260 
3 410 1,890 8 350 1,880 11 300 2,540 10 320 2,320 8 540 1,920 
240 1 110 250 1 470 330 1 160 
11 163 2,510 10 140 2,280 13 340 3. 000 12 990 2.920 in xin 2 . h ~  
3;570 n 14 410 I 3;240 i 13 430 I 3;020 
YCLE #5 0 CYCLE #5 
1 A 1 
50 IT $40 100 180 40 360 80 530 120 440 100 
102 IT 1 960 140 1 730 390 1 960 140 1 780 400 1 960 440 
300 3 830 860 3 740 340 3 780 850 
1,220 6 140 1,380 5 430 1,220 5 870 1,320 
1,550 7 520 1,690 6 850 1,540 . 7 210 1,620 
NOTES : 1/ 'IT' denotes installation torque. 
21 Bolt-nut assembly tested in Transducer Controls lend cell. 
Indicator. 
Tensile clamp load determined from BBI Strain 
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TABLE NO. XI1 F 6 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TF&SION TESTS OF 
RDlll-4008 AND RDlll-4009 SERIES EXTERNAL WRENCHING HEAD 
A286 CRES BOLTS 
100 IT 




TEST CONDITION: TORQUE F X M  NLT DESlGW CLAMP LOAD: 34 210 Newtons (7,690 Pounds) 
Bolt Part No.: RDlll-4008-0513 Nut Pert NO. : VN473B054 
Thread Sire: 5116-2& U.W-3A Nut Material: A286 CRES 
Bolt Material : A286 CORROSION RESISTANT STEEL Nut Fini6h: SILVER PLATE P W  AMs2410 
Bolt Finish: PASSIVATE PER MIL-S-5002 Washer P a r t  NO.: Ms 20002C5 h MS 20002-5 
Bolt Speclficatioi. ROW(ETDWE STD RDlll-4008 Hole Size: 8.03 m ( 0.316 i n . )  
2 580 580 2 220 500 3 290 740 4 630 1,040 3 070 690 
6 270 1,410 6 410 1,440 7 610 1,710 9 560 2,150 7 520 1,690 
11 300 2,540 11 650 2,620 12 810 2,880 15 880 3,570 12 720 2,860 









































23 890 25 310 24 240 
34 290 
IT 
I I I I I 
I I1 I n I I I n I CYCLE #2 1 CYCLE #2 11 CYCLE 82 I CYCLE #2 1 CYCLE 1 2  
100 IT 4 980 1 1,120 4 800 1,080 6 270 1,410 7 290 1,640 6 050 1,360 
200 IT 10 680 2,400 12 680 2,850 13 660 3,070 14 460 3,250 13 520 3,040 
300 IT 17 260 3,880 20 680 4,650 22 150 4,980 25 040 5,630 21 660 4,870 
400 IT 25 040 5,630 30 020 6,750 31 760 7,140 34 470 7,750 30 820 6,930 
IT 
CYCLE #3 CYCLE 13 CYCLE #3 CYCLE #3 
100 IT It yzl i' 940 ii w o  I 920 ii 380 I 1.210 i 6 670 I 1.500 ii 580 I 1.030 I 
27 800 29 220 31 050 28 380 
I U I I I il I n I 
CYCLE #& ! CYCLE #4 I1 CYCLE# u CYCLBU4 1 CYCLE# , n 
100 IT 
810 4 400 990 5 120 1 1,150 4 050 910 100 IT 3 690 830 3 600 
200 IT 8 360 1,880 9 070 2,040 10 140 2,280 10 720 2,410 9 790 2,200 
300 IT 13 830 3,110 15 210 3,420 16 900 3,800 17 880 4,020 16 150 3,630 
400 IT 21 130 4,750 21 840 4,910 24 460 5,500 25 890 5,820 23 750 5,340 
IT 
11 CYCLE #6 11 CYCLE X6 [I CYCLE #6 CYCLE #6 I 
I I I II I It I I 
I I II I I I 
I n I I, I n I I1 I 
CYUE #I1 11 CYaE 111 1 CYCLE #11 A CYaE c11 n CYCLE 1.11 
IT 
I II I I I1 I 
CYCLE 115 11 CYCLE #15 11 CYCLE #I5 11 CYCLE #15 1 CYCLE 115 I 
NOTES : 7'IT' denotes inatallation torque. 
21 Bolt-nut assembly teated i n  Transducer Controls load cell. 
Indicator. 
Tensile clamp load determlncd f r a  RBI Strain 
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T U L E  NO. XTI F 7 
RBSIlLTS OF 15-CYCLE INSTALUTION TOXQUE-TENSION TESTS OF 
ill)lll-4008 AND 80111-4009 S E R I E S  EXTERNAL WRENCHING HEAD 
A286 W S  BOLTS 
TEm CaXIITION: TORQUE FRM BOLT W A D  DESIGN CLAW LOAD: 34 210 N e v t o n c  ( 7,690 Pounds) 
Bolt Part No. : 80111-4008-0513 N u t  P a r t  N o .  : VN473B054 
Thread Size: 5/16-24 UNF-34 N u t  Material: A286 CRES 
Bolt Material: A206 CORROSION RESISTANT STEKL N u t  Finish: SILVER PLATE Pm . W 2 4 1 0  
Washer P e r t  N o . :  MS 2 0 0 0 2 C 5  h MS 20002-5 Bolt linish: PASSIVATE PER M I L - S - 5 0 0 2  
Bolt Specification: RRXETDYNE S T D  RD111-4008  ale Size: 8.03 m ( 0.316 i n . )  
SPECMEN NO. A-T3l SPEC- NO. A-T32 S P E C M E N  NO. A-T33 SPECIMEN NO.A-Tj4  SPECIMEN NO. A-T35 
INDUCED cwlp LOAD 
CYCLE #2 1 CYCLE # 2  CYCLE # 2  
I n 1 1 n 
::lit I : i: 11 1 3 510 1 790 1,600 8 410 1.890 8 010 1,800 8 810 8 140 1,830 33.90 300 IT 12 810 2.880 14 460 3.250 14 230 3.200 14 810 3.330 13 570 ).OS0 iii I 700 I 4 050 I 910 1 3 290 1 740 I 3 960 1 
CYCLE C15 CYCLE 115 CYCLE #15 
50.84 450 IT 20 550 I 4,620 
CYCLE 415 CYCLE C15 
11.30 100 I T  3 110 700 3 200 720 3 160 710 GALLING 3 200 720 
22.60 200 I T  6 980 1,570 6 760 1,520 7 210 1,620 15TH CYCLE 7,380 1.660 
33.90 300 I T  12 100 2,720 10 500 2,360 11 520 2,590 12 050 2,710 
45.19 400 IT 1 7  750  3,990 15 880 3,570 1 7  040 3,830 1 7  210 3,870 
50.84 450 IT 20 730 4,660 19 170 4,310 , 20 280 4,560 
T ' I T '  denote. innt.llation torque. 
z/ Bolt-nut a.sembly tes ted in Transducer Control. l m d  c e l l .  
Indicator .  
Tensile clamp l m d  determined f r a  RBI S t r a i n  
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TABLE NO. X I 1  F 8 
BESULTS OP 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
RDl11-4008 RD111-4009 SERIES EXTERNAL WRENCBING XEAD 
A286 CRES BOLTS 
DESIGN CUKP LOAD: 34 210 Newtono ( 7,690 Pounds) Tlcsz CONDITION: TORQUE FRCN NUT 
Bolt Part NO.: RDlll-4008-0513 Nut Part No.: SL7004C524 
Thread Size: 5/16-24 m-3 Nut Material: A286 CRES 
Bolt Material: A286 COBROSION RESISTANT STEEL Nut F i n i s h :  SILVW PIATE PER AMs2411 
Bolt F i n i s h :  PASSIVATE PER MIL-S-5002 Wanher Part No. : MS 20002C5 h PIS 20002-5 













































400 I T  
IT 
100 I T  
200 I T  
300 IT 
400 I T  
I T  
100 I T  




100 I T  
200 I T  
300 IT 
400 I T  
IT 
100 I T  
200 I T  
300 I T  
400 I T  
IT 
100 I T  
200 IT 
300 I T  
400 IT 
IT 
A I I 
SPECIMEN NO. A-T36 SPECIMEN NO. A-T37 SPECIMEN NO. A-T38 SPECPLW NO. A-T39 SPECINEN NO. A-T40 
6 540 1 1.470 1 9 030 1 2.030 1 7 560 I 1.700 
I I II I 
I I U I 
C Y m .  1.5 II CYCLE #5 11 CYCLE #5 
18 370 I a i l30  19 390 4;360 1 7  750 3;990 
CYCLE #6 CYCLE #6 CYCLE #6 
2 490 560 4 050 910 2 7h0  620 . ~ .  
6 410 I 1,440 /I 8 850 I 1,990 // 6 490 1 1,460 11 740 2,640 15 480 3,480 10 230 2,300 1 7  260 3,880 18 950 4,260 15 430 3,470 
16 460 3;700 15 880 I 3;570 13 740 3:WO 
CYCLE 115 I CYCLE #15 CYCLE # E  
3 340 750 2 890 650 2 140 480 
7 340 1 1,650 // 5 830 I 1,310 /I 5 520 1 1,240 
11 650 2,620 10 680 2,400 9 340 2,100 
16 900 3,800 13 120 2,950 13 880 3,120 
Newton8 ((Pounds) ! Newtons I (Pounds> 
CYCLE X1 u CYCLE I1 
I n I 
7 030 1,580 6 850 1,540 
15 790 3,550 15 170 3,410 
24 550 24 290 
34 030 1 :$:: I 33 450 1 ::$: 1 
1 U I 
CYCLE X2 11 CYCLE X2 
5 200 1.170 5 650 1.270 
11 830 2;660 12 770 2;870 
18 820 20 150 4,530 
27 040 I 2::;: I 28 020 I 6,300 1 
I U 
I II I 
& L E  #10 1 CYCLE 110 
2 980 
7 250 1 1,;: I ,"c I 1,;: 
11 610 2,610 11 430 2,570 
16 770 3,770 16 190 3,640 1 
I U I 
I 1 1 
CYCLE #11 CYCLE ill 
2 800 I 630 1 i;: I 620 1 
6 940 1,560 1,540 
11 340 2,550 11 080 2,490 
16 060 3,610 15 660 3,520 
1 I1 I 
I n I 
CYCLE x15 CYCLE #15 
Y ' I T '  denotes i n s t i l l a t i o n  torque. 
2 1  Bolt-nut assembly tes ted in Transducer Controls lwd ce l l .  
Indicator. 
Tensile clamp load determined from RBI Strain 
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TABLE SO. X I 1  h 9 
RESULTS OF 15-CYCLE INSTALIATION TORQUE-TENSION TESTS OF 
RDlll-4008 AND RDlll-4009 SERIES EXTERNAL kaENCHING HEAD 
A286 CRES BOLTS 
TXST C(IPIDITI0N: TORQUE FRW BOLT HEAD DESICN CLAW LOAD: 34 210 Nevtonl ( 7,b90 Pounds) 
Bolt Part No. : RDlll-4008-0513 NUL Part No.: SL7004C524 
Thread Size: 5/16-24 w-% Nut Material: A286 CRES 
Bolt WsterL.1: A286 CORROS?ON RESISTAXT STEEL Nut Finish: SILVER PLATE PER AMs2411 
Bolt Finish: PASSIVATE PER MIL-S-5002 Washer Part No.: MS 20002C5 6 nS 20002-5 
Bolt Specification: ROCKFTDYNF, STD RDlll-4008 Hole Size: 8.03 m ( 0.316 in.) 
11.30 100 I T  
22.60 200 I T  
33.90 300 IT 
45.19 400 I T  + 
11.30 I in0 IT .~ 
22.60 200 I T  
33.90 300 I T  
45.19 400 IT 
11.30 100 IT 
22.60 200 IT 
33.90 300 IT 
45.19 400 IT 
11.30 100 IT t22.60 200 IT 
33190 300 I T  
45.19 400 I T  I IT 
11.30 100 IT 
22.60 200 I T  
33.90 300 IT 
45.19 400 IT 
I T  
SPECMEN NO. A-T41 SPECMEN NO. A-T42 SPECIMEN NO. A-T43 SPECMEN NO. A-T44 SPECMEN NO. A-T45 
CYCLE #l 
35 320 I 7;940 










8 270 1,860 
14 540 1 3.270 




3 110 700 
7 250 1 1,630 
13 430 3.020 






13TH CY E 
GALLING t 
INDUCED CLAMP LOAD 
7 290 1,640 8 100 1.820 7 830 1,760 7 780 1,750 
16 280 16 550 16 590 16 460 3.700 
25 440 1 I 25 580 I ~~~~~ 1 25 980 I ::::: I 25 750  1 5 ,790  
34 830 7,830 34 430 35 630 8,010 35 010 7.870 
3 780 I 850 I 3 780 850 I 8 360 1,880 8 580 1,930 14 280 3,210 14 010 3,150 1 2 0  240 4,550 19 350 4,350 1 
2 980 
6 890 I 1,;; I iki 1 1;: // :;: I 1,;;: I 1 1,:: 
11 880 2,670 11 250 2,530 10 450 2,350 10 720 2,410 
1 7  210 3,870 16 010 15 300 3.440 14 950 3,360 
11 740 
14 810 
I I1 I II I II I 
Sums: 7' IT' denote. i n s t a l l a t ion  torque. 
zl Bolt-nut a.aembly teated i n  Tranadueer Control. load c e l l .  
Indieat or. 
T e n a i l e  clamp load determined f r c a  BBI St ra in  
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TABLE NO. X I 1  F 10 
RESXTS OF 15-CYCLE INSTA!JATION TORQUE-TWSION TESTS OF 
RD1:1-4M8 A N D  RDlll-4009 SERIES EXTERNAL 'AWNCHINC HEAD 
A286 CRES BOLTS 
DESIGN C W  LOAD: 34 210 Newtons ( 7,690 Pounds) TEST CRmITlON: TORQUZ FRW Nm' 
Bolt Part NO. : RDlll-4008-0513 Nut Part No. : LH8521-054 (SPLINE DRIVE) 
Thread Size: 5/16-24 m-u Nut Material: ~ 2 8 6  CRES 
Bolt Hateri81: A286 CORROSION RESISTAKT STEEL Nut Finish:  DRY FILM LUBRICANT 
Bolt F i n i s h :  PASSIVATE PER MIL-S-5002 
Bolt Speclfrcatlm. RO(XLTDyNE STD RDlll-4008 Hole size: 8.03 rn ( 0.316 in . )  
Washer Part NO.: MS 20002C5 & MS 20032-5 
r I1 n U Y * 








































100 I T  8 670 1,950 8 900 2,000 
200 I T  
3W IT /I ii i:i 1 I $ ii! 1 1 i: ;:: 1 ::;:: 
340 I T  34 560 32 470 33 720 7,580 
IT 
100 I T  11 7 160 1 1,610 I 6 810 1 1,530 1 8 410 1 1,890 
200 I T  1 7  120 3,850 15 920 3,580 18 010 4,050 
300 I T  27 490 6,180 25 130 5,650 27 040 6,080 
340 IT 31 760 7,140 28 650 6,440 31 890 7,170 
I T  , 
CYCLE (13 11 CYCLE #3 11 CYCLE #3 
100 I T  // 7 560 1 1,700 1 6 940 1 1,560 I 7 920 I 1,780 
200 I T  16 240 3.650 13 520 3,040 17 120 3.850 
303 I T  26 020 5,850 24 460 5,500 26 730 6,010 
340 I T  30 510 5,860 29 710 6,680 31 980 7,190 
T I  _. I I1 I I I 
I 1 
CYCLE CI 11 CYCLE e4 CYCLE #4 
100 I T  11 8 180 1 1,840 1 6 670 1 1,500 I 7 920 1 1,780 
200 I T  16 860 3,790 13 660 3,070 16 810 3,780 
300 I T  26 070 5,860 25 710 5,780 26 470 5,950 
340 I T  30 820 6,930 30 820 5,930 31 400 7,060 
IT ~. I U I I1 I 
CYCLE 1 5  11 CYCLE #5 11 CYCLE #5 
100 I T  
200 I T  
26 240 
I I II I 
CYCLE #6 11 CYCLE 86 CYCLE #6 
100 I T  
203 I T  
300 X I  
3LO I T  
I T  
100 IT 
200 IT 
300 I T  
340 IT 





I T  
11 7 250 1 1.630 11 5 120 1 1.510 11 7 210 1 1.620 
16 100 3;620 12 190 2;740 15 970 3i590 
25 710 25 180 25 800 / /  29 530 I 2:::; I/ 29 180 I :::E: 1 30 160 / 21% 
I U I I1 I 
C Y a  110 II CYCLE 110 [I CYCLE #lo 
Newtons I (Pounda) 1 Newtons I (Pounds) 
I n I 
I I, I 
CYCLE 12 11 CYCLE #2 
CYCLE #3 CYCLE #3 
7 520 1,690 
16 010 3.600 
1 U I I 
NOTES : 
I/ ' I T '  denotes in s t a l l a t ion  torque. 
21 Bolt-nuL 6ssembly tes ted i n  Transducer Controls load c e l l .  
Indicator. 
Tensile clamp l M d  determined from RBI Strain 
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TABLE NO. X I 1  F 11 
RESrnTS OT 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
Rnlll-4008 AM) RDlll-4009 S E R I E S  W E R N A L  WRENCHING HEAD 
A286 CRES BOLTS 
TEST CQ(DITI0N: TORQUE FROn BOLT HEAD DESIGN C M  LOAD: 34 210 N e v t o n e  ( 7,690 P o u n d s )  
Bolt Part  No.: RD111-4008-0513 ~~t part N ~ . :  LH8521-054 (SPLINE DRIVE) 
Thread Sire: 5/16-24 W-3A Nut Materia!: A286 CRES 
Bolt n n t e r i n l :  A286 CORROSION KESXSTAXT STEEL N u t  Finish: DRY FILM LUBRICANT 
Bolt Finish: PASSZVATE Pm MIL-S-5002 Washer P a r t  No.: YS 20002c5 h MS 20002-5 
Bolt Specification: ROCX&TDIAE STD RDlll-4008 Hole S i r e :  8.03 m (0.316 in.) 
i1.301 100 IT 
22.60 200 I T  21 840 4,910 
33.90 300 IT 34 470 7.750 *CYCLE #2 
11.30 100 I T  9 160 2,060 
22.601 
200 :: 33.90 300 I T  $ i;: 1 4,690 7 311 
I I T  I 
CYCLE X3 
I 
11.30 100 I T  9 250 2,080 
22.601 33 9  200 3 :: I T  // ?.. ,Si; 1 4,610 1.08  
I T  
, C Y C L E &  
11.30 100 I T  8 410 1,890 
22.60 200 I T  17 700 3,980 
33.90 300 I T  31 140 7,000 
IT 
I T  
CYCLE 15 
11.30 100 I T  7 700 1,730 
22.60 200 I T  17 390 3,910 
33.90 300 I T  29 890 6,720 
I T  
I T  
C Y a E M  
11.30 100 I T  8 230 1,850 
22.601 200 11 17 350 1 3,900 
33.90 300 IT 29 090 6,540 
CY- 110 
ClCLB 111 
11.30 100 I T  8 500 1,910 
22.60 200 I T  18 860 4,240 
33.901 300 ;: I 30 160 I 6,780 
t 
C Y a B  Y15 
I ::I EJ :f 11 1: ;;: I ::E 
33.90 300 I T  28 290 6.360 
I '  I T  IT 
INDUCED C W  LOAD 
9 2 5 0 !  :::Oi 1 9 920 1 2,230 
22 020 4,950 21 970 4,940 
35 630 35 050 7,880 
CYCLE ( 2  CYCLE +2 
10 010 2,250 9 250 2,080 
22 420 20 770 
36 610 I ::% 1 33 450 1 ;::;: 
CYCLE c3 11 CYCLE %3 
I I1 1 
9 160 1 2,060 1 8 810 1 1,980 
22 020 4,950 19 970 4,490 
35 670 8,020 32 600 7,330 
CYCLE $4 
I II 1 
I II 
CYCLE C5 11 CYCLE #5 , II 1 
7 830 1 1,760 I 8 050 I 1,810 
21 130 4,750 19 130 4,300 
33 760 7,590 31 800 7,150 
CYCLE 16 11 CYCLE #6 
I II 1 
7 340 1 1,650 11 7 520 1 1,690 
16 810 3,780 17 970 4.040 
30 110 6,770 30 470 6,850 
8 850 I 1,990 I 7 5601 1,700 
18 010 4,050 17 660 3,970 
29 220 6,570 29 850 6,710 




CYCLE #I C Y n E  81 
-'IT' denote8 inatallation torque. 
zl Bolt-nut a..ambly temted in Tranmducer Control# l o r d  cell. 
I n d i c a t o r .  
T e n a i l e  clamp load determined frm RBI Strain 
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TABLE NO. X I 1  F 12 
RESULTS OF 15-CYCLE INSTALLATION TOROUE-TENSION TESTS OF 
BD111-4008 AND RDlll-4009 SERLES EXT&AL WRWCBLNG HEAD 
A286 CRES BOLTS 
TESI CONDITION: TORWE FRR( NUT DESIGN CLAMP LOAD: 34 210 N e w t o n a  ( 7,690 P o u n d s )  
B o l t  P e r t  No. : RDlll-408-6518 N u t  P a r t  NO. : VN473B054 
N u t  Material: A286 CRES Thread Size: 5/16-24 m - 3 A  
Bolt M a t e r i a l :  A286 CORROSION P.ESISTAW STEEL N u t  Finish: SILVW PLATE PER kl2410 
B o l t  Finish: MOLYBDENUK DISULFIDE DRY F I L K  LUBE W a s h e r  P a r t  NO.: MS 20002C5 & WS 20002-5 






























50 I T  
150 IT 
200 I T  
100 I T  
I T  
50 I T  
100 I T  
150 I T  
200 I T  
I T  
50 IT 
100 IT 
150 I T  
203 I1 
I T  
50 IT 
150 IT 
100 I T  
200 I T  
I T  
50 IT 





100 I T  
150 I T  
200 IT 
IT 
50 I T  
100 IT 
150 IT 
203 I T  
IT 
50 I T  
100 I T  
150 I T  
200 I T  
IT 
SPECMEN NO. A-T54 SPECIMEN NO. A-T55 SPECMEN NO. A-T56 SPECIMEN NO. A-T57 SPEC- NO. A-T58 





CYCLE #3 - 
 
CYCLE IL 
4 850 1,090 
12 630 2,840 
20 590 4,630 















CYCLE #3 11 CYCLE #3 CYCLE #3 I 
4 890 1,100 5 780 1,300 6 540 1,470 4 800 1,080 
14 720 14 010 13 740 12 770 
25 840 1 ::;:: I 22 460 1 
22 150 1 $! 1 21 170 I $:; 1 31 980 31 4 30 8
I II I U I U I 
CYCLE #6 11 CYCLE #6 CYCLE #6 CYCLE 86 
I II I U I I 
CYCLs #lo II CYCLE #lo 1 & U E  #10 I CYCLE #10 
1: 12 370 2,780 11 880 2,670 11 610 2,610 
23 260 5.230 20 020 4.500 19 480 4.380 19 530 4.390 
1 iiG9; I 4 890 1 1,100 I 4 980 I 1,120 1 4 270 1 960 1 
4 540 I 1,020 I 4 760 1 1,070 1 4 760 1 1,070 1 4 310 1 970 
12 500 2,810 12 230 2,750 11 390 2,560 11 480 2,580 
22 640 5,090 19 620 4.410 18 860 4.240 19 840 4.460 I 
NUrES. 
7 " I T '  d e n o t e a  installition torque. 
T/ B o l t - n u t  s s s e m b l v  t e s t e d  in T r a n s d u c e r  C o n t r o l l  l c u d  c e l l .  Tensile c l a m p  l m d  d e t e r m i n e d  from RBI Straia - 
I n d i c n t o r .  
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TABLE NO. XI1 I 13 
RKSilLTS Q 15-CYCLE INSTALLATION TORQUE-TENSIOX TESTS OF 
PD~~l-4008 AND RD111-44009 SWIES ETESNAL W C H I N G  HEAD 
~ 2 a 6  CRES BOLTS 
TlJI CPNDITION: TOXQUE FROH BOLT HEAD DESIGN CLAHP LMD: 34 210 Newtons ( 7,690 Pounds) 
Nut Pert No.: rn473BO.54 Bolt Part N O . :  -111-0009-6518 
Thread Size:  5/16-24 m-3A Nut H e t t r t a l :  A286 CRES 
Bolt Nnterial: ~ 2 8 6  cm.noSIoY BESISTIUII' STEEL Nut F i n i s h :  SILVER PLATE P W  AM2410 
Wanher Part Yo. : NS 20002C5 h ?1S 20002-5 B O L C  r in i sb :  NQYBD~EWM DISULFIDE DRY FILM LUBE 
Bolt Speciflcacion. R ~ D P N E  STD RD111-4W Hole Size: 8 03 mn ( 0.3161n.) 
mIs: 
7 ' IT '  denote# ins ta l la t ion  torque. 
3 Bolt-nut eescmbly teered i n  Transducer Control. load c e l l .  
Indicator. 
Tensile c h o p  1-d determined from RBI Strain 
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TABLE NO. XI1 F 14 
RESULTS OF 15-CYUE INSTALLATION TORQUE-TENSION TESTS OF 
RDlll-4008 AND RD1114009 SERIES EXTERNAL W C R I N G  HEAD 
A286 CRES BOLTS 
DESIGN CLAW LOAD: 34 210 Newtons ( 7,690 Pound.) I'm CONDITION : 
Bolt Part No. : RDlll-4009-6518 Nut Part No. : LH8521-054 (SPLINE DRIVE) 
Thread S i z e :  5/16-24 m-u Nut Haterial: A286 CBBS 
Bolt Haterlal: A286 co~osIox RESISTANT STEEL Nut Finish: DRY FILM LLlBRICAm 
Bolt Finish: HOLYBDENlM DISULFIDE DBY PILH LUBE IJarher Part No.: Ms 20002C5 h MS 20002-5 
Bolt Specification. ROQCEIDYNe STD RD111-4009 Hole S i z e :  8.03 rrrm ( 0.316 in.) 
TORQUE PKOM NVT 






100 IT 10 320 2,320 10 990 2,470 11 210 2,520 10 I10 
150 IT /I 16 680 I :;:7: 11 18 190 1 I/ 17 840 1 '+:+:; 1 17 040 1 2fiE 1 200 IT 24 780 27 270 26 02 53 40 1 I T I  
NOTES : 7'IT' denotes installation torque. 
21 Bolt-nut asnembly tested in Tranmducer Controls lond cell. 
Indicator. 
Tensile clamp load determined f r m  RBI Strain 
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TABLE NO. XI1 F 15 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
RDlll-4008 AND RDlll-4009 SERIES EXTERNAL WRENCHING HE4D 
A286 CRES BOLTS 
22.60 
TEST CQIDITION: ToaQuE FB(N BOLT HEAD DESICN CIAUP LOAD: 34 210 Newtons ( 7,690 Pound.) 
Bolt Parr No.: RD111-4009-6518 Nut Part No.: LH8521-054 (SPLINE DRIVE) 
Thread S i z e :  5/16-24 W-3A Nut Material: A286 CRES 
Bolt Material: A286 CORXOSION RESISTAWI STEEL Nut Finish: DPY FIM LVBRICAETP 
Bolt l i n i s b :  MOLYBDENUM DISULFIDE DRY FILM LUBE Washer Part AD.: MS 20002C5 6 ?S 20002-5 
Bolt Specification. ROCKETDYNE STD RDltl-4009 Hole Size: 8.03 rn ( 0.316 in.) 
200 IT 34 560 7;770 31 890 7;170 31 310 7;WO 1 31 360 I 7;050 
IT 
CYCLE 16 11 CYCLE #6 11 CYCLE C6 CYCLE (16 CYCLE (r6 
5.65 50 IT 6 810 1,530 6 Y O  1,420 3 510 790 
100 IT 16 640 14 680 :A::: 150 :; 1 21 930 I ::;:: 23 620 1 :I:% 1 :z $: 1 ::::: 22.60 200 I T  34 920 7,850 33 630 7,560 33 270 7,400 
22.60 
22 830 
200 I T  31 090 6;990 29 400 I 6;610 27 800 6;250  28 730 6;460 
IT I 
I I I I I 
CYCLE 1 1 5  CYCLE U15 CYCLE 1115 CYCLE #I5 CYCLE #I5 
I P I 1 Y I I 
, c Y C L E c 4  r CYCLE u4 CYCLE #4 !/ CYCLE #4 1 CYCLE #4 
I 





11.30 100 IT 14 460 3;250 12 140 2;730 11 880 2;670 13 210 2:970 
::::: I 200 f: 11 35 940 I i:iiz 11 31 270 I :::$ // 31 360 I 150 IT 23 660 21 480 21 130 22 240 // 32 110 1 ;$; I 
50 IT 5 520 1,240 5 380 1,210 5 340 1,200 4 540 1,020 
100 IT 12 140 2,730 12 410 2,790 11 970 2,690 11 340 2,550 
150 IT 21 800 &,go0 19 350 4,350 19 170 4,310 19 620 4,410 
200 IT 32 600 7,330 29 270 6,580 27 130 6,100 28 420 6,390 
IT 
I AX 11 I II I II I II I I I 
CYCLE *5 11 CYCLE #5 n CYCLE #s I CYCLE # 5  I CYCLE 115 
I 1 1  I I1 I 0 n I 
1 50 IT 11 6 580 1 1,480 (I 5 830 1 1,310 (1 'r 360 1 980 1 5 160 1 1,160 100 IT 14 460 3,250 11 830 2,660 11 790 2,650 12 720 2,860 16.95 1 IT 23 090 5.190 21 880 h.920 20 990 4.720 21 390 4.810 
5.65 I 50 yl I 6 140 1 1,380 I 5 600 I 1,260 I 5 030 1 1,130 I 4 710 I 1,060 I 1 11.30 100 IT 14 100 3,170 13 080 2,940 12 990 2,920 11 920 2,680 16.95 150 IT 21 310 4,790 20 770 4,670 21 880 4,920 20 280 4,560 22.60 200 I T  31 400 7,060 29 940 6,730 32 380 7,280 29 180 6,560 
I _ _  I II I It I U I II I u CYCLE 1.11 11 CYCLE #11 11 CYCLE Xll CYCLE #11 1 CYCLE (11 
5.65 1 50 IT 11 5 200 1 1,170 1 5 430 1 1,220 // 4 760 1 i::O: 1 4 850 1,090 I 
11.30 100 IT 12 940 2,910 12 140 2,730 11 880 12 100 2,720 
16.95 150 IT 21 310 4.790 19 840 4.460 19 L40 4.370 19 930 4.480 
NOZPS : 
7'IT' denotes installation torque. 
'i! Bolt-nut aaaembly tested in Transducer Controls l o a d  cell. Tensile  clam^ load determined fran RBI Strain -
Indicator. 
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TABLE NO. X I 1  F 16 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
RDlll-4008 AND ~111-4009 SERIES EXTERNAL WRENCHING HEAD 
A286 CRES BOLTS 
TEST CDHDITION: TORQUE F R M  XUT DESIGN CLAMP LOAD: 51 820 Newtons ( 11,650 Pounds) 
Bolt Part No.: -111-4008-0618 Nut Part No. : VN4978064 
Thread S i z e :  3/8-24 UM-SA Nut Meterial: A286 CRES 
Bolt Material: A286 COSROSION RESISTANT STEEL Nut F i n i s h :  SILVER PLATE PER AMS2410 
Bolt F i n i s h :  PASSIVATE PER MIL-S-5002 Washer Part N o . :  MS 20002C6 & MS 20002-6 
Bolt Specification. ROCKETDYNE STD RDlll-4008 ~ 0 1 e  s i z e :  9.627 CLEO (0.379 in.) 
r I1 n n I m 1 
1 T " 9 ~  1 ,  11 SPECMEN NO. A-T72 1 SPECMEN NO. A-T73 11 SPECIMEN NO. A-T74 1 SPECIMEN N0.A-T75 I SPECMEN N0.A-T76 I j 16.95 1 150 IT 1 ;;; 
33.90 300 IT 17 660 
50.48 450 IT 28 240 
57.79 600 IT 39 010 
79.09 700 IT 50 530 
16.95 150 I T  
33.90 300 I T  15 260 
450 I T  24 780 I :;:$: I 600 I T  11 35 540 1 79.09 i 700 I T  i 4541; 16.95 150 I T  
33.90 3 W  I T  15 430 
450 I T  25 220 I 600 I1 11 34 830 I } 79.w 1 700 I T  ;; MXr& 
16.95 150 I T  8 940 
17 660 1 iiz 1 :! 11 27 400 
67.79 600 I T  36 650 
79.09 700 I T  45 500 
33.90 300 IT 17 210 
53.48 450 IT 26 910 
67.19 600 IT 35 900 
73.09 700 IT 42 480 
16.95 150 IT 
33.90 300 I T  15 210 
50.48 450 I T  21 840 
67.79 600 TT 31 140 
16.95 150 I T  , 33.90 300 IT 
50.48 450 I T  
67.79 600 I T  ' 79.09 1 700 I T  
, 16.95 150 I T  
1 33.90 300 I T  
50.48 450 I T  
67.79 600 I T  
79.09 700 I T  
11 5 160 16.95 150 IT 
33.90 300 I T  
50.48 450 I T  
67.79 600 I T  










11;360 I 51 330 11;540 
CYCLE C2 1 6 760 1,510 1 1:520 
3,430 14 460 3,250 
5,570 24 780 5,570 
7,990 33 490 7,530 
10,210 42 080 9 460 
11 CYCLE #3 
n I ;:; 1 830 1 1,310 
14 860 3.340 
5.670 23 310 5.240 
I 33 580 7;OOO 7i550 
9.200 41 190 9,260 
m 110 
I 6;820 I 30 510 ! 6;860 
9,100 38 560 8,670 
CYCLE 111 
1,670 5 250 1,180 
3,610 11 080 2,490 
5,230 19 440 I 4,370 
7,060 29 130 6,550 
8,590 37 190 8,360 
5 CYCLE #15 
I 
900 11 5 070 I 1.140 
2,350 // 11 700 1 :j:6: 
4,020 18 410 4,140 
6,130 29 050 6,530 
8,310 35 850 
&!P LOAD 
Newtons I ( P o u n d s ;  
10 630 2,390 
24 860 5,590 
40 030 9,000 




14 100 3,170 
29 800 63 I 6.700 











































2 800 630 
7 520 I 1,690 
13 260 2.980 










53 510 I 12;030 
CYCLE #2 
 
16 150 3,630 
25 980 4 I 5.840 
36 920 1 8!;3 
45 810 
CYCLE #3  
35 670 I 8iO2; 
45 280 
15 790 3,550 
25 580 5,750 
44 570 10 020 
CYCLE #5 
15 300 3;440 
23 930 5,380 
34 250 1 7,700 
43 410 9,760 
CYCLE #6 
22 950 5;160 
33 000 7,420 
42 210 9,490 
CYCLE #ll 
I 
CYCLE (115 I 
7 830 1,760 
18 150 4,080 
29 580 1 6,650 
42 170 9.480 I 
51 550 111;590 
I 
CYCLE C2 
14 100 1 1 
22 680 5,100 





CYCLE #lO I 
NOTES * 
T " 1 T '  denotes installation torque. 
Bolt-nut assembly teated i n  Transducer Controls load cell. 
Indicator. 
T e n s i l e  clamp load determined frm 881 Strain 
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TABLE NO. XII F 17 
RESULTS OF 15-CYCLE INSTALLATION TORQLIE-TFXSION TESTS OF 
BD111-4008 AND mill-4009 SERIES EXTERNAL WRENCHING HEAD 
A286 CRES BOLTS 
T U Z  CORDITION: TaBQiE FBCN BOLT HPAD DESIGN C W  LmD: 51 820 Newtons ( 11,650 Pounds) 
Bol t  P a r t  No. : PDlll-4008-0618 Nut P a r t  NO.: VN4978064 
I h r e a d  S i z e :  3/8-21, m-3n Nut M a t e r i a l :  A286 m s  
Bolt M a t e r i a l :  A286 CORROSION RESISTANT STEEL Nut Finish: SILVEX PLATE PER AMs2410 
Bolt F i n i s h :  PASSIVATE P W  MIL-S-5002 Washer P e r t  No.: MS 20002C6 6 MS 20002-6 
Bolt  S p e c i f i c a r l o n :  ROEUZDYNE STD RD111-4008 Hole Size: 9.627 mm ( 0.379 in.) 
50.48 450 I T  
1 5  170 3,410 
9 ‘IT’ denoren i n a t a l l a t i o n  torque. 
z/ B o l t n u t  amemblg  t e s t e d  i n  Tranmducer Cont ro la  load c e l l .  
Ind ica ta .  
T e n s i l e  clamp l o a d  determined frm RBI St ra in  
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TABLE NO. X I 1  F 18 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS d 
RDl11-4008 AND RDlll-4009 SERIES mERNAL W N C H T X G  HEAD 
A286 CRES BOLTS 
DESIGX C L A N  LMD: 51 820 Newtons ( 11,650 Pounds) TEST CONDITION: TORklJE PEM NUT 
Bolt P a r t  No. : RDl11-40084618 Nut Part No. : LX8521-064 (SPLINE DRIVE) 
Thread Size: 3/8-24 UNP-YI Nut Meterial: A286 W E S  
Bolt Marer~sl: A286 CORROSION RESISTANT STEEL Nut Finish: DRY FILM L l B R I U N T  
Bolt Finish: PASSIVATE PER MU-S-5002 Washer Part KO. : MS 20002C6 & MS 20002-6 
Bolt S p e c i f i c e t m n .  RorXETDPNE STD RD1114M)B Hole Size: 9.627 om) ( 0.379 in.) 
NOTBS : 7' I T '  denoqes installation torque. 
- 21 Bolt-nut assembly t e s t e d  in Trlnsducer Controls l o a d  cell. 
Indicator. 
Tensile clamp 1 M d  determined f r a  RBI S t r a i n  
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TABLE NO. XI1 F 19 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
XDlll-4008 AND RDlll-4009 SERIES EXTERXAL 3RRWCHING HEAD 
A286 CRES BOLTS 
I 
DESIGN CUMP L M D :  51 820 Nevtonl ( 11,650 Pounds) TEST CQSDITION: 
Bolt Part No. : BD1114008-0618 Nut Part YO.:  LH8521-064 (SPLIXE DRIVE) 
Ihread Size: 3/8-24 UNF-?A Nut Meteria!: A286 CUS 
Bolt Xs te r i a l :  A286 CORROSION KESISTM STEEL Nut Finish: DRY FILM LLQRICAhT 
Bolt l i n i s n :  PASSIVATE PER MU-S-5002 Washer Pnrt No. : 3s 20002c6 h >is 20002-6 
Bolt SpecIficsrion. RcxxEmPNE STD RDl11-4008 nolr s i z e :  9.627 m ( 0.379 i n . )  
TORQUE I"RC?l BOLT XEAD 
CYCLE #6 11 CYCLE U6 11 CYCLE t 6  11 CYCLE #6 CYC'LE bb 
6 850 1.540 5 380 1.210 5 290 1.190 1 5 8701 1.320 5 r  
33.90 300 ;T 14 230 3;200 13 080 2i940 13 790 Si100 12 810 2;880 14 680 3;300 
50.48 450 IT 25 980 5,840 21 620 4,860 22 730 5,110 19 700 4,430 24 060 5,410 
67.79 600 IT 35 540 7,990 31 580 7,100 32 380 7,280 35 010 7,870 I 34 0701 7,660 
79.09 700 IT 64 480 10,000 43 860 9,860 46 040 10,350 I 48 620 10,930 45 280 10.180 n no 11 CYCLE 610 n c k a E  +io ! CYCLE 610 
I I n I n I I I 
16.95 150 I T  5 690 1 1,280 5 780 1,300 5 560 1,250 6 000 1,350 6 230 1,400 
33.90 300 I T  12 940 2,910 14 460 3,250 13 570 3,050 14 500 3,260 15 120 3,400 
50.48 450 I T  25 130 5,650 24 860 5,590 23 570 5,300 27 800 6,250 26 290 5,910 
67.79 600 I T  37 540 8,440 36 830 8,280 35 410 7,960 39 990 8,990 36 830 8,280 
79.09 700 IT 47 020 10,570 47 640 10,710 45 370 10,200 48 570 10,920. 47 150 10,600 
mEs: 7'IT' denotes in s t a l l a t ion  torque. z/ Bolt-nut assembly tes ted in  Transducer Control8 l o a d  c e l l .  
Indicatm.  
Tensile clamp load determined f r s  RBI S t r a in  
TABLE NO. XI1 F20 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
RDlll-4003 AND RDlll-4009 SERIES EXTERNAL WRENCHING HEAD 
A286 CRES BOLTS 
TEST CCHDITION: TORQUE FRCW WT DESIGN CLAMP LOAD: 70 190 Newtons ( 15,780 Pound*) 
Bolc Part No. : RD111-4012-6722 Nut Part No. : VN473B070 
Thrend Size: 7/16-20 LPUF-U Nut Material: A286 CRES 
Bolt Material: A286 CORROSION RESISTANT STEEL Nut F i n i s h :  SILVER PLATE PER AMs 2410 
Bolt Finish: MOLYBDENW DISULFIDE DRY FILM LUBE Washer Part No. : Ns 20002C7 h MS 20002-7 
Bolt S p e c i f i c a t i o n .  ROCYETDYNE STD FSlll-4012 Hole S i z e :  11.23 mm (0,442 i n . )  
22.60 











































200 IT 11 9 870 2,220 14 230 3,200 











11 CYCLE (2 1 C Y C L E 1 2  ; 1 8 810 1,980 I 9 160 1 2,060 
18 410 4,140 21 080 4,740 
31 180 7,010 36 120 8,120 
47 680 10,720 61 650 13,860 
I T  53 110 11,940 70 190 15,780 
CYCLE #3 CYCLE H3 
I T  
I T  
I T  
I T  
I T  -
200 I T  11 7 740 1 1,740 11 5 920 I 1,330 
400 IT 16 950 3.810 14 010 3,150 
600 I T  27 530 6,190 24 460 5,500 
800 I T  41 410 9.310 41 280 9.280 
900 I T  11 47 860 1 10;760 11 49 950 I 11;230 










9 00 - 
I T  
I T  
I T  
I T  
I T  - 
I T  
I T  
I T  
I T   
- 
200 I T  11 6 410 1 1,440 11 6 580 1 1,480 
400 IT 16 150 3,630 14 630 3,290 
600 IT 27 400 6,160 23 800 5,350 
800 IT 43 810 9.850 35 810 8.050 
900 I T  11 50 840 I 111430 11 A4 880 1 lO;O90 
IMP LOAD 
N e v f o n s  I ( P o u n d s )  
CYCLE #l ----r-- 
13 030 2,930 
29 050 1 6.530 
46 840 10;530 
60 490 13,600 
69 740 15.680 
1 '  
CYCLE 82  r
10 050 2,260 
21 220 I 4.770 
37 010 ai320 
52 000 11,690 
61 160 13.750 
CYCLE H3 
11 560 2,600 
27 400 6,160 
41 990 9.440 :; y;: 1 12;830 
14,880 
CYCLE #5 
23 260 5;230 
37 320 8,390 
50 170 11.280 
57 690 1 12;970 -CYCLE C6 
45 950 10;330 




8 410 I 1.890 
20 190 4;540 
30 820 6,930 
42 300 9.510 
49 110 I 11;040 
CYCLE C15  
18 370 4,130 
27 580 70 I 6.200 
N e v t o n s  I ( P o u n d s  
CYCLE #I  
11 120 I 2,500 
30 690 6.900 
46 840 10;530 
62 360 14,020 
70 410 15.830 
CYCLE 82 
38 250 ai600 
53 290 11,980 
61 780 13.890 
CYCLE K3 
_I 
10 360 2,330 
22 860 5,140 
36 300 I 8.160 
10 630 2,390 
23 170 5,ZLO 
38 030 8.550 
50 260 1 Uii3 
57 960 
C Y a E  #5 
CYCLE H6 I 
10 010 2,250 
20 370 4,580 
35 140 I 7.900 
48 790 10;970 
55 200 1 12,410 
CPCLE #10 
19 530 4;390 
32 250 7,250 
43 680 9.820 
50 080 I 11;260 
CYCLE 111 
19 300 41340 
31 850 7,160 
42 570 I 9.570 
48 390 I l0;880 
CYCLE #I5 -
1; ;: 1 ::E 
26 780 6.020 
36 210 I 
42 660 
12 850 
28 020 I :I% I 
43 900 9;870 
60 890 13.690 




8 940 2,010 
19 700 
32 200 1 :% 1 
4cr:E b 9;970 I 
52 310 11,760 
8 360 1,880 
19 130 
31 050 1 ::% I 
49 550 11 140 *I 
18 060 4;0@ 
29 090 1 6,540 I 
41 770 9.390 
CYCLE #6 
8 670 1,950 
19 390 
31 220 I ;:% I 
43 280 
16 950 3;810 
28 330 1 6,370 
39 940 8.980 I 
38 340 
6 670 1,500 
16 950 
27 760 I 1 
39 900 I $9;: I 
45 770 
NOTES : 
- 2/ ' I T '  d e n o t e a  i n s t a l l a t i o n  t o r q u e .  B o l t - n u t  a a a e m b l y  t e s t e d  i n  T r a n s d u c e r  C o n c r o l s  l o a d  cell. 
I n d i c a t o r .  
T e n s i l e  claq 1 M d  d e t e r m i n e d  f r o m  RBI S t r a i n  
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TABLE NO. X I 1  F 2! 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
Will-4003 AND RDlll-400 SERIES EXTERNAL WRENCHING HEAD 
A286 CRES BOLTS 
ILSI COPmIIION: TO%QUE FRUH 8OLT HEAD DESIGN CLAW L W D :  70 190 Newtons ( 15,780 Pound.) 
Bolt Part No.: 10111-4012-6722 Nut Part No. : VN473B070 
Thread Sire: 7/16-20 UNJF-3.4 Nut Material: A286 CRES 
Bolt Matcrisl: A286 C O R B O S I ~  RESISTAKI STEEL Nut F i n i s h :  SILVER PLATE PER AMs 2410 
B o l t  Finish: MOLYBDENUM DISULFIDE DRY FILM LUBE Wellher part No.: MS 20032C7 h MS 20002-7 
Bolt Specificatron. ROCKRDpNe STD RDlll-4012 Hole Sire: 11.23 m ( 0.442 in.) 
22.60 200 I T  12 720 2,860 12 720 2,860 13 120 2,950 12 370 2,780 12 590 2.830 
45.19 I 400 IT 1 26 070 1 5,860 24 640 1 5,540 I 27 180 1 6,110 24 380 1 5,480 1 26 820 1 6,030 1 
67.79 600 IT 37 990 8,540 42 430 9,540 43 460 9,770 43 410 9,760 43 230 9,720 
90.39 800 IT 62 180 13,980 57 250 12,870 58 890 13,240 60 760 13,660 58 980 13,260 
101.69 900 IT 70 810 15.920 66 230 14.890 70 990 15.960 69 830 15.700 68 410 15,380 
22.60 1 200 IT 11 5 870 1 1,320 I 6 000 1 1,350 11 7 740 1 1,740 I 8 670 I 1,950 
45.19 400 I T  15 970 3,590 15 210 3,420 18 150 4,080 19 170 4,310 
67.79 600 TT 25 220 5.670 28 240 6.350 29 940 6.730 32 960 7.410 
22.60 200 11 6 630 1,490 6 580 1,480 7 160 1,610 10 450 2,350 6 980 1,570 
45.19 400 11 13 920 3,130 15 210 3,420 17 750 3,990 20 460 4,600 16 810 3,780 
67.79 600 I1 23 970 5,390 23 970 5,390 28 380 6,380 33 760 7,590 24 110 5,420 
90.39 800 IT 40 210 9,040 39 450 8,870 39 360 8,850 44 660 10.040 38 470 8,710 
101.69 900 II 47 860 10,760 47 280 10,630 49 680 11,170 51 240 11,520 48 040 10.800 
CYCLE #I5 CYCLE t15 CYCLE 115 CYCLE t15 CYCLE (15 
22.60 2W IT 6 630 1,490 7 160 1,610 6 670 1,500 8 720 1,960 6 850 1,540 
45.19 400 I T  15 660 3,520 16 320 3,670 16 810 3,780 19 840 4.460 16 860 3,790 
67.79 600 I T  25 660 5,770 27 040 6,080 27 530 6,190 32 430 7,290 26 150 5,880 
90.39 800 I T  39 770 8,940 40 610 9,130 38 390 8,630 43 190 9,710 39 590 8.900 
101.69 900 I T  43 320 9,740 47 150 10,600 48 040 10,800 48 620 10,930 45 280 10,180 
T I I I 1  denote. 1n.tallation torque. 
rf Bolt-nut a~armbly teated in Transducer C o n t r o l s  load cell. T e n s i l e  clamp l M d  determined frca RBI Strain - 
Indicator. 
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TABLE NO. XI1 F 22 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
RDlll-4008 AND RDlll-4009 SERIES EXTERNAL WRENCHING XEAD 
A286 CRES BOLTS 
TEST CONDITION: TORQUE BRm NUT DESIGN CLAMP LOAD: 94 740 N e w t o n s  ( 21,300 Pounds) 
Bolt Part No.: RDlll-4009-0832 Nut Part N o .  : VN 465 E 080 
Thread Sire: 1:2-2q UNF-3~ Nut Material: ~ 2 8 6  CRES 
B o l t  H a t e r i a l :  ~ 2 %  CORROSION RESISTANT STEEL N u t  Finish: SILVER PLATE PER AMs 2410 
B o l t  Pints).: PASSIVATE P W  MIL-S-5002 Washer Part N O . :  16 20002C8 h Ms 20002-8 
B o l t  Spec?iiist;on. ROCKETDYNE STD RDlll-4009 Hale Size: 12.827 m ( 0.505 i n . )  
WP LOAD 
Newtons (Pounds) Newtons (Pounds) Newtons I (Pounds) 
CYCLE $11 I CYCLE #l 11 CYCLE 111 
I 1 1 II 1 
1 1,030 40.671 360 IT 1. 4 580 I 5 650 I :::Z: 81.35 720 IT 11 390 2,560 12 280 2,760 135.58 1200 IT 23 660 5.320 22 5
176.26 1560 11 31 270 7.030 34 340 7,720 
271.16 24001T 54 580 12,270 59 290 78 420 
CYCLE #4 CYCLE 14 
40 67 360 IT 5 030 1,130 6 490 1,460 
81:351 7201T 11 11 830 1 2,660 (1 13 830 I 3,110 
135.58 1200 IT 21 530 4.840 21 710 4.880 
176.26 156011 30 340 6;820 33 270 7;480 
271.16 2400IT 55 160 12,400 57 290 12,880 
CYCLE # 5  CYCLE C5 
I I 
40.67 360 IT 4 670 1,050 6 450 1,450 
81.35 720IT 10 900 2,450 14 680 3,300 
135.58 1200IT 20 990 1,720 24 110 5,420 
176.26 15601T 27 360 6,150 33 670 7,570 

















360 IT 4 490 1.010 4 850 1,090 
7201T 10 760 2,420 10 940 2,460 
12OOIT 19 750 4,440 19 480 4,380 
15601T 26 470 5,950 26 780 6,020 
2403IT 48 260 10,850 17 990 10,790 
CYCLE #11 CYCLE #11 
36011 4 490 1,010 4 270 960 
7201T 10 450 2,350 10 680 2,400 
1203IT 19 260 4,330 18 500 4,160 
1560IT 25 750 5,750 25 580 5,750 
24001T 44 610 10,030 46 880 10,540 




7‘IT‘ denotes installation toruue. 
13 520 I 3.040 I 12 320 I 2.770 11 12 100 I 2.720 
27 580 6;200 26 550 5;970 
47 280 10,630 45 240 10,170 
62 810 1 14.120 I 60 230 1 13.540 
96 030 I 21;590 I 98 120 [ 22;060 11 94 520 1 21;250 
I 1 1 11 1 
CYCLE $12 I CYCLE 112 n CYCLE tu 
10 540 I 2.370 9 960 1 2.240 11 8 140 I 1.830 
23 800 Si350 24 510 5;510 19 440 4;370 
42 120 I 9,470 1 42 660 1 9,590 // 33 940 1 7,630 
56 090 12.610 57 690 12.970 45 330 10.190 
88 470 I 19;890 1 91 940 I 20;670 11 72 990 I 16;410 
I R 1 II 1 
CYCLE 113 1 CYCLE 113 11 CYCLE 83 
8 140 I 1.830 $ 230 I 1.850 11 6 090 1 1.370 
19 530 4;390 18 860 4;240 14 230 3;200 
36 300 8,160 35 450 7,970 25 980 5,840 
49 110 11,040 48 170 10,830 35 410 7,960 
17,630 17,630 78 910 17,740 57 510 12,930 
CYCLE tP4 1 CYCLE#4 11 CYCLE #4 
I R 1 II 1 
6 540 7 070 1 1,590 1 1,470 1 5 960 1 1,340 
17 440 3,920. 16 100 3,620 13 920 3,130 
31 360 7,050 28 960 6,510 25 260 5,680 
43  460 9,770 39 900 8,970 34 470 7,750 
69 300 15,580 66 100 14,860 56 220 12,640 
CYCLE 115 CYCLE 65 CYCLE 5 
6 540 1 1,470 1 6 000 1 1,350 1 5 200 I 1,170 
16 900 3,800 15 300 3,440 12 990 2,920 
30 780 6.920 27 580 6.200 23 040 5.180 
41 720 9;380 37 540 8;440 31 400 7;060 
66 810 1 15.020 62 180 I 13.980 52 930 I 11.900 
CYCLE 16 CYCLE #6 CYCLE b6 
6 180 I 1.390 5 830 I 1.310 Y 5 380 I 1.210 
u 
15 610 3;510 15 030 3;380 
29 530 1 6,640 1 27 040 I 6,080 
40 340 9.070 37 010 8.320 
65 210 1 14:6b0 1 60 140 I 131520 11 53 020 1 11320 
I CYCLE !lo I C k E  110 CYCLE 110 
5 920 1,330 5 070 1,140 5 030 1,130 
15 350 13 170 11 300 
29 360 I ::% 1 25 040 I ::96:: 1 21 265 I ::% 
40 650 9;140 33 850 7;610 29 400 6;610 
65 830 I 14,800 I 56 710 1 12,750 1 48 750 I 10,960 
CYCLE b l l  11 CYCLE #ll 11 CYCLE 111 
38 390 I 8:630 11 31 220 I 71020 11 27 090 1 61090 
64 540 I 141510 11 53 690 1 12i070 11 45 330 I 10:190 
I 11 1 n 1 
CYCLE it15 11 CYCLE 815 11 CYCLE # l 5  
5 520 1,240 5 075 1,140 4 980 1,120 
14 320 3,220 12 550 3,220 11 210 2,520 
27 090 6,090 22 150 4,980 20 280 4,560 
37 720 8,480 30 290 6,810 26 780 6,020 
62 140 13,970 52 090 11,710 . 43 810 9,850 
TI  Bolt-nut assembly tested in Transducer Control6 load cell. 
Indicator. 
Tensile clamp l M d  determined from RBI Strain 
TABLE NO, :<TI P 23 
ReSLlLTS OF IS-CYCLE 1NSTALLAT:O'I TORQCE-TctSIOY TESTS OF 
RDlll-4103 AND UJlll-4QO9 SERIES EXTERYAL UilEVCHING H W D  
A286 CRES BOLTS 
TEST CONDITION: TOB9UE FlCM aOLT BEAD DESIGN C M P  LOAD: 94 740 Newtons ( 21,300 Pounds) 
B o l t  part N ~ . :  mi l l -4009-0832 Nut Part NO.:  W 465 B 080 
Thread Size: 1/2-20 UNF-3A Nut MatLriai:  A286 CRES 
Bolt Harerial : A286 COER3SIOX U S I S T A X  STEEI. Nut F i n i s h :  SILVER PLATE PER M S  2410 
BoIt  F l n i s h :  PASSIVATE PE( XIL-S-5002 Washer Part N ~ . :  MS 23002ca L ws zoooz-8 
Bolt Speciriiatron. ROQCPPDRIE STD U)ll l-4009 H O L ~  siic: 12.827 m ( 0.535 i n . )  
67.79 6W 11 16 720 1 5  970 
135.58 1200 IT /I 40 790 1 1 I 39 5 0 0  1 203.37 1800 IT 63 030 14.170 37 720 8.480 58 71  13,200 
244.05 -.. 17,110 
298.28 2640 ; 11 
)I 2: % 1 :::?:I 
CYCLE #5 I1 CYcLE#5 11 CYCLE #5 1 CYCLE "5 
I n I II I n I 
244.05 2160 IT 62 320 14,010 42 480 9 , 5 5 0  
298.28 2640 I T  55 380 12,450 
CYCLE # I 5  CYCLE #15 CYCLE 4/15 CYCLE 1115 
I I 
67.79 603 IT 12 810 2 .880  7 650 1,720 11 250 2.530 
135.58 1203 IT  27 040 6,080 28 290 6,360 20 190 4,51rO 
244.05 56 490 12,700 
203.37 1803 IT 46 790 10,520 33 400 7,510 45  640 10,260 
2160 IT 61 741 13,880 41 720 9,380 
298.28 2641 IT 55 870 12,560 
l e v t o n a  I (Pounds) 
-==T--- 19 130 4,300 
39 450 8.870 
83 930 ~ 8 . 8 7 0  
57 740 12,980 
LO1 410 22,800 
 
CYCLE ,,? 
1 2  370 2,780 
30 510 6,860 
50 310 11,310 
66 100 14.860 
75 940 16.870 
CYCLE 113 
CYCLE N4 
L f ( ' T  'b 
23 660 S i 3 2 0  
56 310 12.660 
4 3  950 9,880 




CYCLE d l 5  
T I I T '  d e n o t e s  i n a t a l l a t i o n  torque. 
r/ b l t - n u t  aesembly  t e s t e d  i n  T r a n s d u c e r  C o n t r o l s  l o a d  c e l l .  
Indicator. 
T e n s i l e  Clamp l o a d  de termined  frm RBI Strain 
555 
TABLE NO. X I 1  F24 
RESULTS OF 15-CYLTE INSTALLPTION TORQ'JE-TENSION TESTS OF 
RDlll-4008 AND RDlll-4009 SEi lIES BXERNAL WRENCHING HElw 
A286 3 E S  BOLTS 
DESIGN CLAMP LMD: 94 740 N e w t o n s  ( 21,300 P o u n d s )  TEST CONDITION: TORQUE F R M  NlJT 
B o l t  Par t  KO . RDlll-4008-6824 N u t  P a r t  N o . :  VN 465 8080 
Thread SILL. 1/2-20 :,-SA 
B o l t  Harerial. A286 CORROSION RESISTAANT STEEL Nur F i n i s h :  SILVER PLATE P W  AMS 2410 
B o l t  P i n t s t  : MOLYBDENLM DLSLrLFIDE DRY FILM LUBE Washer P a r t  No. : Ms 20002C8 h MS 20002-8 
B o l t  Sprciiicatlo . ROCKETDYNE STD RDlll-4008 naie size: 12.827 m (0.505 in.) 













































1200 I T  58 OW 13;040 56 270 12;650 63 740 14:330 59 650 13;410 
1560 IT 11 71 120 I 15,990 // 69 660 I 15.6601/ 80 110 1 18,010 I 72 410 1 16,280 
2160 IT 94 340 21.710 90 210 20.280 102 790 23.110 95 320 21.430 
11 CYCLE 62 11 CYCLE #2 1 CYCLE :12 I CYCLE 82 n I n 1 1 1 
20 350 17 390 
1560 IT 54 130 12'170 47 770 10;740 45 370 10:200 52 490 1l;SOO 
2160 I T  79 710 I 171920 72 320 I 16,260 71 210 I 16,010 78 690 1 17,690 
CYCLE if3 CYCLE 63 CYCLE 13 CYCLE 83 
I 1 
720 I T  18 730 1 ; Z l O  14 320 3i220 16 150 31630 17 260 3;880 
1203 I T  11 35 270 I 7:::: 11 26 290 1 :::$:I/ 28 560 1 ir4:: I 33 670 7,570 560 49 91 38 07 39 14 46 1 10.380 
2160 I T  11 76 190 I 17;130 11 65 210 I 14;6608 65 030 I 14;620 11 71 880 I 16;160 
CYCLE #5 11 CYCLE 85 11 CYCLE 15 u CYCLE #5 
720 IT 17 440 3,920 14 280 3,210 14 140 3,180 
1200 I T  33 270 7,430 25 620 5,760 25 750 5.790 
1560 IT 47 150 10,600 35 580 8,000 36 470 8,200 
2163 IT 74 550 16,760 62 760 14,110 59 740 13,430 
360 IT 8 010 1,800 6 450 1,450 6 360 1,430 
11 CYCLE #6 11 CYCLE #6 11 CYCLE #6 11 CYCLE 66 
720 IT 17 570 3,950 14 050 3,160 31 790 3,100 
1200 I T  32 830 7,380 25 350 5,700 24 860 5,590 
1563 I T  45 640 10,263 35 810 3,050 34 553 7,790 
2160 IT 71 330 16,050 61 290 13,780 56 580 12,720 I 
360 IT 8 410 1,890 6 720 1,510 5 960 1,340 
C Y U E  #10 
350 I T  
720 I T  17 970 1.040 15 030 
1200 I T  33 400 7,510 27 760 
1560 IT 45 810 10,300 39 140 
2160 I T  70 363 15,930 66 050 
CYCLE #ll C Y U E  
355 I T  
720 I T  I 1; ;i: 1 ;:% 1 1: ;:: 
1200 IT 31 670 7,120 27 760 
1540 I T  %3 550 3,790 38 960 
2163 IT 67 390 15.150 63 520 
I ' I, 
CYCLE #15 11 CYCLE 
1 II 
360 IT 7 430 1,670 6 890 
720 I T  /I 17 170 1 j37;;: I/ 15 520 
1200 I T  32 550 29 000 
1560 IT i 4  330 9;980 40 OS0 
2160 IT I/ 55 330 I 14,800 11 63 300 
3 11 CYCLE $10 
1.450 6 940 1.560 6 630 1.490 
3;38011 15 920 I 3;580 
6,240 27 490 6,180 
8.800 37 540 3.440 
1:210 1,5501 5 380 I 1 5 920 1 1:330 
3,490 13 560 3,070 13 970 3,140 
6,520 25 710 5,780 26 240 5,900 
9,010 35 500 7,980 38 650 8,690 
14,230 55 330 12 450 63 780 14 340 
N e w t o n s  I ( P o u n d s r  
CYCLE 61 
 
15 170 I 3,410 




8 540 1,920 
17 700 1 3,980 
34 920 7.850 
67 700 I 15;220 
CYCLE #5 
 




' I T '  d e n o t e 8  i n s t a l l a t i o n  t o r q u e .  
21 B o l t - n u t  assembly t e s t e d  i n  T r a n s d u c e r  C o n t r o l s  l o e d  cell. Tensile clamp l o a d  d e t e r m i n e d  f r o m  RBI S t r a i n  - 
I n d i c a t o r .  
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TABLE NO. X I 1  F 25 
RESULTS OF IS-CYLZE INSTALLATLON TORQXGTENSION TESTS OF 
RDll1-4ooJ AXD BDlll-4039 S E R I E S  EXTERNAL WRENCRING HGU) 
A286 3 . E S  BOLTS 
DESIGN CLAMP L M D :  94 740 Newtons ( 21,300 Pounds) TEST CiXDITION: 
Bolt Part No.: BDlll-4033-6824 Nut Part NO. : VN 465 BO80 
Thread Size: 1/2-20 m-3A Nut Mat. r i a l :  ~ 2 a 6  XES 
TCnQUE FRCM BOLT iXAD 
Bolt Material: A286 CoaROSION RESISTAW STEEL Nut F i n i 5 h :  SILVER PLATE PER M S  2410 
B O I ~  PlnLsl8: MOLYBBENLN DISULFIDP Day FILM LUBE Wastier Part N O .  : MS 20332~3 h HS 20002-8 
Bolt Sp~CltlLatiOn. ROCKETDYNE STD BD111-0'5135 H O I ~  SI;* : 12.827 rn ( 0 . 5 %  i n . )  
3601T /1 20 580 1 4,650 I 20 350 I 4,710 1 22 150 1 4,980 
720IT 46 080 10,360 44 700 10,050 49 510 11,130 
1200 IT 92 560 20,810 94 790 21,310 94 920 21,340 
1320 IT 95 850 21,550 
II I II I II I 
CYCLE b2 1 CYCLE #2 n cycLL .f2 
I R 1 n I 
360 IT 
7201T I( 17 480 1 3,930 1 16 770 I ::;7: I 19 440 I 4,370 I Z O O I T  103 730 23,320 105 150 23,640 107 020 24,060 1320 IT 120 720 27,140 45 553 10,240 43 153 44 080 9.910 
I1 I II I U I 
CYCLE #3 11 CYCLE t 3  II CYCLE ti3 
I 
360 IT I/ 17 610 I 3.960 1 17 480 1 3,930 1 18 410 1 4.140 
120 IT 45 050 10,130 46 350 10,420 47 460 10,670 
1200 IT 111 600 25@0 116 320 26,150 117 920 26,510 
1320 IT 123 300 27,729 
II I U ! u I 
" I CYCLE #4 I CYCLE #4 I! CYCLE #4 
360 IT I/ 17 930 1 4,030 I 16 900 I 3,800 I 17 660 1 3,970 
720 IT 44 610 10,030 45 370 10,200 45 060 10.130 
1200 IT 112 360 25,260 119 960 26,970 125 030 28,110 
1320 IT 114 180 25,670 
II I 1 CYCLE #5 1 CYCLE #5 11 CYCLE 45 I1 ! 11 1 
360 72 IT 11 17 610 I :::9: 1 16 350 1 3,810 1 17 300 1 3,890 
44 OLO 47 020 10,570 43 550 9,790 
I200 IT 107 600 24,190 121 700 27,360 118 320 26,600 
1320 IT I22 320 27,500 
II I II I I 
CYCLE #I1 11 CYCLE #I1 CYCLE #11 
I 
360 IT I 18 100 1 4,070 I 18 480 I 4,2M 1 18 500 1 4,160 
720 IT 47 153 10,600 49 820 11,200 45 370 10,200 
1200 IT 109 240 24,560 120 410 27,070 122 990 27,650 
1320 IT 122 680 27,530 
II I II I II I 1 CYCLE #15 n CYCLE (115 [ CYCLE #15 
;:: :; 11 16 150 1 3,630 1 20 910 1 4,701) 1 19 130 I 4,300 45 10,151 52 750 11,860 07 990 10,790 
1200 IT 106 030 23,400 119 830 26,940 118 050 26,540 












































21 390 1 4,810 1 20 860 1 4,690 
88 830 19,970 95 280 21,420 
96 880 21,780 
47 950 io,7ao 47 280 10.630 
I II I 
CYCLE i r 2  I1 CYCLE ,tZ 1 
18 060 17 570 
46 390 I I*,:: 1 44 210 1 ::;:: 1 
102 040 22,940 102 930 23,140 
116 760 26,250 
I II I 
I I1 1 
CYCLE Je3 [I CYCLE 8 1 3  
17 880 1 4.020 1 17 700 I 3.980 1 
45 860 10.310 45 640 10,260 
105 730 23.770 111 560 25,080 
118 010 26,530 
16 810 1 3,780 I 16 990 1 3.820 I 
45 190 10,160 4s 730 10,2ao 
105 280 23,670 107 240 24,110 
116 050 26,090 
2; 04; 1 3,830 1 16 810 1 3,780 1 
10,020 45 240 10,170 
101 249 22,760 106 130 23,860 
112 450 25,280 
NWES : 
- 21  'IT' denote. inatallation torque. Bolt-nut araembly teated i n  Transducer Controls losd c e l l .  
Indicator. 
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RESULTS OF DOUBLE SMSAR STRENGTH TESTS OF BAC B3OLE 
SERIES EXTERNAL WRENCHING HEAD A286 CRES 1379.0 MN/m2 
(200 ICSI) BOLTS 0 
113 4 2 0 '  25,500 ' 808.8 
111 200 25,000 784.6 
3/8-24 9.449 0.3720 
11 9.497 .3739 
I I  I 1  9.474 .3730 
jB-Sl  i BAC B30LE6-34 
11 B-S2 










I1  11 9.487 .3735 
11 I1 9,492 .3737 
BAG B30LE8-35 1 1/2-20 12.692 0.4997 
I 1  12.654,  .4982 
I t  'I 1 2 , 6 7 0 '  .4988 
11 12.677 .4991 






















310 470 69,800 789.4 
322 040 72,400 819.1 
311 800 70,100 792.9 
310 920 69,900 790.8 
309 140 69,500 788.8 
BAC B30LE10-38 5/8-18 15.822 10.6229 
I t  
I1 










- -  
ernal wrenching head b o l t  fabricated from A286 W S  and furnished with cadmium p la te  
f i n i s h  per QQ-P-416A, Type 11, Class  3. 
evaluation t e a t s .  
Bolts conform t o  Boeing Standard BAG BQOLE. - 2/ Double shear t e s t s  performed on b o l t s  previously subjected to t e n s i l e  strength 
3/ Minimum double shear load requirement per Table VI, Spec .  BPS-F-69 noted as fd1WrX 
3/8-24 - 24,300 lb. 
1/2-20 - 43,200 Lb. 




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Ttat,tE ;IC, XI11 E 
RESULTS OF ELONGATION AND REDUCTION F AREA TESTS 
OF REDUCED GAGE SECTION BAC B30LE SERIES A286 CRES BOLTS 





I I  
BAC B3OLE10-38 
I1 
I t  
I 1  
11 
9.2  1 
7.3 

































NOTES - 1/ Test specimen incorporating reduced gage sect ion machined in  bol t  
shank area from BAC B3gLE Series External Wrenching Head Bolts 
fabricated from A286 CRES. - 2/ Evaluation t e a t s  performed on reduced gage section bol t  specimens 
noted i n  Table 
__. 
TABLE NO. XI11 F 1 
RESULTS OF 15-CYCLE INSTALLATION TORqUE-TENSION TESTS 
OF BAC B30LE SERIES EXTERNAL WRENCHING HEAD A286 CRES BOLTS 
150 I T  
300 I T  
450 I T  
600 I T  
750 1T 
TEST CUIDITION: TORQUE FBoH rn DESIGN CLAMP LOAD: 59 160 Newtons ( 13,300 Pounds) 
Bolt Part No.: BAC B30LE6-34 Nut Part No.: H20-6 
Thread  Size: 3/8-24 UNJF-3A 
Bolt n a t e r i a l :  A286 CRES Nut Finish: DRY FILM LUBE OVER CADUILM PLATE 
Bol t  F i n i s h :  CAMTUM PLATE, CQ-P-416, TWE 11, CLASS 3 
Bolt S p e c i f I c a t r o n .  BOEING BPS-F-69 Hole Size: 9.627 mm ( 0,379 in.) 
Nut n a t e r i a l :  AM6304 STEEL 
Washer Part Yo.: US 20002C6 6 MS 20002-6 
13 260 2,980 12 770 2,870 12 630 2.840 12 320 2,770 1 2  410 2,790 
26 200 5,890 25 403 5,710 25 750 5,790 25 930 5.830 26 020 5,850 
37 140 8.350 35 410 7,960 36 470 8,200 35 900 8,200 36 740 8,260 
46 970 10,560 44 440 9,990 46 390 10,430 45 900 10,320 46 210 10,390 
59 110 13,290 53 380 12.033 58 583 13.170 55 510 12.480 58 090 13.060 
TO€ -








































T " 1 T '  denotea in s t a l l a t ion  torque. 
21 Bolt-nut assembly tes ted in  T r a n s d u c e r  Controls load cell. T e n s i l e  clamp load determined from RBI Strain - 
Indicator  . 
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TABLE NO. F 2 
RESULTS OF 15-f2XI.E INSTALLATION TORQUE-TENSION TESTS 
OF BAC B30LE SERIES EXTERNAL WRENCHING HEAD A286 CRES BOLTS 
DESIGN CLgiW LOAD: 59 1 6 0  Newtons ( 13,300 Pounds )  TEST CONDITION: TOXQIJE FRQl NUT 
Bolt P a r r  No. : BAC B30LEb-34 Nut P a r t  No. : LH8521-064 (SPLINE DRIVE) 
Thread Size: 3 /8 -24  TJNJP-JA Nut M a t e r i a l :  A286 CRES 
3 o l t  H a t e r r a l :  A286 Nut F i n i s h :  DRY FILV LUBE 
Bol t  Fillsh:CADZW U T E ,  QQ-P-416, TYPE 11, CLASS 3 
B o l t  S p e c l f l C a t i ' J l .  BOEING B E - F - 6 9  Hole Size: 9 .627  nm ( 0.379 in.) 
Washer P a r t  NO.:  MS 20002C6 h MS 20002-6 
NOTES : 7' I T '  d e n o t e s  i n s t a l l a t i o n  torque. 
21 Bol t -nu t  assembly t e s c e d  i n  T r a n s d u c e r  C o n t r o l s  load c e l l .  T e n s i l e  clamp load d e t e r m i n e d  from RBI Strain 
I n d i c a t o r .  
5 64 
TABLE NO. X I 1 1  F 3 
RESULTS OF IS-CYCLE INSTALLATION TORQUE-TENSION TESTS 
OF BAC B3OLE SERIBS WERNAL WRENCHING HEAD A286 CRES BOLTS 
TEST CONDITION: T ~ Q W  F R ~  BOLT HEAD DESIGN CLAnP LOAD: 59 160 Newton8 ( 13,300 Pounds) 
Bol t  P a r t  NO. :  && B3aE6-34 Nut P a r t  No.: H20-6 
Thread Size: 3/8-24 UNJT-3A Nut M a t e r i a l :  .US6304 STEEL 
Bolf M a t e r i a l :  A286 CFSS Nut Finish: DRY FILM LUBE OVER CADXIlM PLATE 
Bol t  Fmi=h:CMMILM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bol t  S p e c i f i c a t i o n .  BOBING BPS-F-69 Hole Size: 9.627 m ( 0.379 il ) 














































I /  
in-lbf)  
150 IT 
300 I T  
450 I T  
600 IT 
800 XT 





150 I T  
300 I T  
450 11 
600 IT 
800 I T  
153 IT 
300 I T  
450 I T  
600 IT 




600 I T  
800 I T  
I T  
'0° I T  
150 IT 
500 IT  
300 IT 
I II I n I I I U I I 
1,530 9 470 2,130 10 500 2,360 7 650 1.720 9 030 2,030 
18 990 4,270 22 280 5,010 1 7  880 4,020 19 130 4,300 
27 620 6,210 35 360 7.950 28 690 6,450 28 560 6,020 
38 430 8,640 19 730 11,180 40 880 9.190 39 410 8,860 
56 090 12,610 68 320 15,360 58 980 13.260 55 660 12.510 
4 670 1,050 10 810 2,430 6 810 1,530 9 010 1 1:; 5 870 1 1,320 10 680 2,400 22 950 5.160 18 680 4,200 14 950 3,360 16 410 3,690 18 590 4,180 34 340 7,720 27 360 24 380 5,480 24 780 5,570 
26 820 6,030 46 350 10,420 39 720 8.930 35 010 7,870 34 830 7,830 




T I I T '  denotes i n s t a l l a t i o n  t o r q u e .  
- 21 Bolt-nut ansembly t e s t e d  i n  T r a n s d u c e r  Controls load c e l l .  
Indicator. 





































TABLE NO. X I 1 1  F 4 
BBSULTS OF 15-CYCLE INSTALLATION TORQUE-TENSZON TESTS 
OF BAC B30LE SERIES KxT!XRNAL WRENCHING HEAD A286 CRES BOLTS 
18 370 41130 
25 440 1 5,720 
48 170 10,830 
CYCLE tY, 
TEST CONDITION: TORQUE FROM BOLT HEAD DESIGN CLAne LOAD: 59 160 Newtone ( 13,300 Pounds) 
Bolt Part No. : BAC B30LB6-34 Nut Part No.: LH 8521-064 
Thread Size: 3/8-24 urn-% Nut Mater ia l :  A286 CRES 
Bait Marerial: A286 w s  Nut Finish:  DRY FILM LUBE 
Bol t  F i n 1 s h : c m x m  PLATE, QQ-P-416, TYPE 11, CLASS 3 
6o!t Specificatioi. B O E ~ ~  B P S - F - ~ ~  Hole S l z e :  9.627 mm ( 0.379 In.) 
Washer Part No.: MS 20002C6 h MS 20002-6 
20 990 4:720 20 510 4:610 20 330 4i570 19 880 61470 
29 620 1 6,660 28 780 1 6,470 I 29 400 I 6,610 28 290 1 6,360 
51 110 11,490 50 620 11,380 49 110 11,040 48 390 10,880 










11 S P E C m  NO. B-T16 1) SPECIMEN NO. B-T17 11 SPECWN N0.B-Tl8 1 SPECINEN NO. B-TI9 1 SPECIMEN NO. B-TZO I 
INDUCED CLAMP LOAD 





900 I T  
150 I T  
300 I T  
450 IT 
600 I T  
900 IT 
150 I T  
3W IT 
450 I T  
603 I T  
900 I T  
150 IT 
300 IT 
450 I T  
600 IT 
900 IT 
1,460 1 6 490 1 8 980 
15 480 3,480 19 540 
24 420 3,480 31 270 
34 960 7,860 43 320 
55 380 12,450 62 760 
I 1,790 1,600 I 7 960 1 8 810 1 1,980 1 
3,750 18 410 4,140 18 190 4,090 
5.920 28 730 6,460 28 560 6,420 
8,340 39 360 8,850 37 670 8,470 
13,230 61 200 13,760 57 600 12,950 
11 CYCLE K6 11 CYCLE K6 CYCLE 4ffi CYCLE 16 
I I/ I II I R I 
y @ X T '  denotes Ins t a l l a t ion  torque. 
- 21 Bolt-nut assembly tes ted in Transducer Controls l oad  ce l l .  
Indicator. 
Tensile clamp load determined from RBI St ra in  
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TABLE NO, XI11 F 5 
ReSULTS OF 15-XCLE INSTALLATIOX TORQUE-TENSION TESTS 
OF BAC B3OL.E SERIES EXTERNAL WRENCHING HEA3 A286 CFSS BOLTS 
SPECMEN NO. B-T21 SPECMEN NO.B-TZ2 
TEST CONDITION: TORQUE FRM WT DESIGN CLAHP LWD: 107 110 Newtons ( 24,080 Pounds) 
Bolt Part No. : BAC B30LE8035 Nut P a r t  No. : H20-8 
Thread Size: 1/2-20 mJF-3A Nut WetLr ia l :  AMs 6374 STEEL 
Bolt  Mater.al: ~ 2 8 6  a s  Nut F i n l i b :  DRY FILM LUBE OVER CADYIUM PLATE 
Bolt Pini5h:CADnIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt  Speclricatior. BOEING BPS-P-69 Hale S i z e :  12.827 m ( 0.505 in.) 
Washer Part NO.: WS 20002C8 h W S  20002-8 
SPECBIE4 NO. B-T23 SPECMEN NO. B-T24 SPECIMEN NO. B-T25 
CYCLE # i n  






720 IT 34 030 
1:: I 1200 IT (1 52 710 
176.26 1560 I T  69 570 
1,240 5 780 1.300 GALLING 
17 810 2 ,880  1 3  430 3,020 9TH CYC.E 
23 530 5,290 23 490 5,280 
32 070 7 , 2 1 0  32 250 7,250 
64 ion 14,410 63 960 14,380 
CYCLE #I1 CYCLE 1111 
5 5 2 0 1  
360 IT 1.070 
720 IT 12 280 2,760 
1200 IT 2: 1 4,730 
1560 IT 29 710 6,680 
2580 IT 62 890 14,140 , CYCLE Ull CYCLE #11 CYCLE 1111 
720 ; 81i351 1 Y 590 
135.58 I200 11 24 020 
176.26 1560 IT 32 650 







1 4  190 
1::; I I?: if )I 24 510 
176.26 1560 IT 32 740 
1 62 540 I 14.060 62 980 1 14,160 
360 IT 4 360 980 5 780 1,300 5 520 1,241 
720 IT 12 280 2,760 13 610 3,060 13 300 2,990 
c y a e  (115 CYCLE #15 CYCLE 1115 CYCLE 1115 CYCLE 1115 
I 2580 IT 61  600 I 13,850 
nw) IT 21 930 4,930 24 600 5,530 23 840 5,360 
1560 IT 29 980 6,740 32 650 7,340 31 490 7,080 
2580 IT 66 590 14,970 66 450 14,940 65 700 14,770, 
291.50 I 2580 I T  11 65 470 
INDUCED CLAMP LOAD 
(Pounds) 1 Newtons I (Pounds) Newtons I (Pounds) Newtons I (Pounds) Newtons 1 (Pounds) 
11 CYCLE #I CYCLL * I  CYCLE 4.1 CYCLE -1 
I1 I I 1 1 
3.800 11 1 4  950 I 3.360 II 14 e10 I 3.330 I 1 5  300 I 3.440 il 1 5  390 I 3.460 
18 950 16 150 16 770 15 970 3;590 i:i:: 11 31 3,O I ;:% /I 25 800 1 $iii I/ 29 360 1 ~~~~~ 27 1140 1 6,080 






CYCLE #6 CYCLE #6 CYCLE 116 CYCLE lib CYCl F. “ 0  
NOTES : 
‘ IT’  denotes  i n 8 t a l l a t l o n  torque .  
21 Bolt-nut asaembly t e s t e d  i n  Transducer Contro l8  load c e l l .  T e n s i l e  clamp l M d  detern ined  from m1 S t r a i n  - 
I n d i c a t o r .  
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TABLE NO. XI11 F 6 
RESULTS OF i 5 - c ~ ~ ~  INSTALLATION TORQUE-TENSION TESTS 
OF BAC B30LE SFdIES EXTERNAL WRENCHING WAD A286 CRES BOLTS 
2,940 14 140 
5,050 27 400 
7,130 39 280 
12 840 78 200 
TEST CONDITION: TORQLJE FKOM BOLT HEAD DESIGN C m P  LOAD: 107 110 Newtons ( 24,080 Pounds) 
Bolt Part SO.  : BAC B30LE8-35 Nut Part NO.: Bo-8  
Thread S i z e :  1/2-20 UNJF-SA Nut ~ a t t . r i a 1 :  kXS 6304 STEEL 
Bolt Material: A286 GUS N u t  Finish: DRY FlLM LUBE OVER CADMIUM PLATE 
Bolt F i n i s h :  CAWUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt S p e c 1 i i i a t i o : i .  BOEING BPS-F-69 H O I ~  size: 22.827 mm (0 .505 i n . )  
Washer part  NO. :  MS 20002C8 h ils 20002-8 
3,180 16 770 3,770 16 060 3,610 
6,160 30 290 6,810 29 760 6,690 
8,830 42 260 9,500 40 340 9,070 













360 I T  
720 I T  
1200 I T  
1560 I T  






8 850 1,990 4 850 1,090 6 630 1,490 1,550 7 120 1,600 
13 080 16 240 15 700 3,530 19 350 
31, 120 I 23 040 I c:;: ti % I i:::: 2: 1;: 29 490 1 6,630 
50 080 11,260 32 830 7,380 39 720 8,930 40 300 9,060 39 900 8,970 






















284.72 I D  J I U  I 1 1 , l I U  b0 BXJ I lJ,bUO 74 240 I 16,690 73 840 1 16,600 71  030 I 15,970 
CYCLE 111 CYCLE #I1 CYCLE 611 CYCLE #I1 CYCLE #I1 










C Y U E  #15 
360 IT 7 650 1,720 
720 I T  16 990 3,820 
1200 I T  29 670 6,670 
1560 I T  40 650 9,140 
2520 I T  75 040 16,870 
360 I T  12 630 2.840 12 850 2,890 11 210 2,520 I2 280 2,760 11 970 2,690 
720 I T  27 270 6,130 25 530 5,740 23 090 5,190 25 890 5,820 25 660 5,770 
1200 I T  49 420 11,110 41 280 9,280 39 410 8,860 44 610 10,030 43 410 9,760 
1560 I T  66 680 14,990 55 470 12,470 52 800 11,870 58 270 13,100 56 930 12,800 
2520 I T  111 070 24,970 96 080 21,600 99 860 22.450 107 550 24.180 104 660 23,530 
CYCLE 115 CYCLE #I5 CYCLE 115 CYCLE #I5 
5 960 1,340 6 230 1,400 6 630 1,490 6 490 1,461 
13 700 3,080 14 140 3,180 15 170 3,410 14 990 3,370 
24 730 5,560 25 130 5,650 26 470 5,950 25 930 5,830 
34 290 7,710 36 160 8,130 36 340 8,170 35 180 7,910 
63 380 14,250 7 1  300 16,030 71 430 16,060 70 230 15,790 
CYCLE #2 11 CYCLE it2 11 CYCLE i r2  I CYCLE #Z CYCLE /12 











I T  
I T  
I T  
I T  
I T  - 
I T  





21 880 4;920 14 060 3;160 18 990 4;270 20 150 4;530 20 910 4;700 /I 35 580 1 8,000 11 24 240 1 ::::: /I 33 890 I 7,620 I 33 940 1 7,630 1 35 090 1 7,890 
57 740 12.980 33 890 45 500 10.230 46 530 10.460 47 730 10.730 11 110 980 I 24;590 1 65 250 1 14;670 1 91 670 1 20;610 1 93 590 I 21;040 11 94 561 I 21;260 
CYCLE u4 
360 72 I T  ~~ 20 820 4,680 13 170 
1200 I T  37 940 8,530 23 130 
1560 I T  56 310 12.660 32 560 
2520 I T  107 780 24,230 60 310 
CYCLE 15 
360 I T  8 900 2,000 5 560 
720 I T  / /  19 130 I ;:: 11 13 080 
12M) I T  31 360 22 460 
1560 I T  49 950 31 710 
2520 I T  11 96 920 1 I! 57 110 
CYCLE 114 CYCLE 84 
5'200 28 560 33 230 33 940 7ib30 
71320 1 43 590 1 96::;: I 43 860 1 ;::76: I 44 260 1 9,950 
13.560 85 270 19.170 88 870 19.980 88 830 19.970 
11 CYCLE #5 1 CYCLE 85 CYCLE #5 
II I I 1 n 1 
11 CYCLE #6 11 CYCLE 16 11 CYCLE #6 11 CYCLE 16 I CYCLE #6 
I I1 I I1 I II 1 n 1 
II C Y U E  $10 11 CYUE #IO 11 & U E  #IO 11 CYCLE #lo II I1 I I1 I II 1 II 1 
720 I T  18 460 4;150 21 280 2;760 15 030 3;380 14 860 14 460 3;250 
1200 I T  26 150 
1560 I T  11 i: % I :::% // ::;:: I ;:$: I/ iz ::: I 
2520 I T  75 930 17,070 59 110 13,290 68 900 14,590 71 970 16,180 68 190 15,330 
I 36 030 I iiilil :: ii: I 
NOTES : 
1/ ' I T '  denotes in s t a l l a t ion  torque. 
21 Bolt-nut asaembly tes ted i n  Tranrducer Controls load ce l l .  
Indicator. 
Tensile clamp load determined from g8I St ra in  
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TABLE NO. XI11 F 7 
RESULTS OF 15-CYlXE INSTALLATION TORQUE-TENSION TESTS OF 
BAC B3OLE SERIES EXTERNAL WRENCHING HEAD A286 CRES BOLTS 
TEST CCNDITION: TORQUE BROX NUT 
Bolt Part No.:  BAC B3OLE8 U35 
Thread Sire: 1/2-20 UNJF-3A 
Bolt Natrrral: A286 CRES 
Bolt F i n i s h :  P.4SSIYATE PER Q9-P-35 
Bolt Speciticarim. BOEING BPS-F-69 
DESIGN ClAMP LOAD: 107 110 Newtons ( 24.080 Pounds) 
Nut Par t  No.: H20-8 
Nut ~ a t . r i a 1 :  AMS 6340 STEEL 
gut ~ i n i s i ~ :  DRY FILM LUBE OVEll CADMIUY PLATE 
washcr p a r t  N O . :  MS 20002C9 h MS 20332-8 
Itole Size: 12.827 rn ( 0.505 i n . )  
SPECMEN NO.B-T31 SPECMEN NO. B-T32 SPECMEN NO. B-T33 SPECMEN SO. SPECIMEN NO. 
TOROUE 
40.67 3 6 0 I T  20 460 4,600 
135.58 IZOOIT 59 110 13.290 
176.26 1560IT 72 900  16,390 
196.59 17401T 105 730 23.770 
81.351 72DIT I 38 520 I 8,660 




[I C Y C E  1 3  
I 
$0.67 360IT 16 320 3.670 
135.58 12OOIT 83 800 18,840 
176.26 1560IT 
196.59 1740IT 
81.35 7201'1 3a 520 a.650 
CYCLE 1 5  
40.67 3 6 0 1 ~  11 720 3,310 
8L.35 7201T 35 320 7,940 
135.58 1230IT 38 630 19.940 




40.67 357IT 13 480 3,030 /I 31 1401 d l . 3 1  720IT 7,003 
135.5 12001T 5 4  810 15,020 
196.59 174011 
176.2 1560IT 101 770 22,830 
11 CYae 110 I 
40.67 3631T 13 I20 2,953 
81.151 7201T /I 26 333 1 5,920 
135.58 12031T 41 230 3,270 
176.26 15601T 54 590 12,720 
196.59 17401T 
CYCLE #15 -T-gGfF 
INDUCED 
Yewtons (Pounds 
CYCLE 01  
18 990 4.270 
39 010 8 ,770  
64 630 14.530 
75 790 17;040 
107 780 1 24,230 
CYCLE # 2  
41 860 9;410 
70 500 15,850 
91  010 20.460 
103 440 1 24;380 
CYCLE #3 
16 680 3,753 
33 540 8,870 
68 810 15,470 
109 050 24.520 
ea 250 19,840 
CYaE $4 
14 370 3,230 
35 230 7,920 
53 250 14.220 
83 000 18'650 
98 7001 22:190 
CYCLE C5 
CYCLE Oh 
30 070 6;760 
54 100 12,630 
71 970 16.180 
87 2331 19;610 
CYCLE 110 
CYCLE #I1 
11 300 2.540 
23 310 5;240 
40 700 9,150 
55 290 12.430 
68 860 I 15;480 
CYCLE #15 
CYCLE 114 )I CYCLE '14 
1 
10 310 1 LW: 1 I 
27 890 
$8 751 10,960 
68 630 15,440 
33 180 18,880 
CYCLE 1 6  CYCLE $6 
CYCLE > e l  
C Y C L E  ~ * 2  
1 CYCLE "3 
7 CYCLE 1% 





7- CYCLE #I5  
NUI'KS: 7' IT '  denote8 i n 8 c a l l a t i o n  torque .  
21 Bolt-nut a8sembly t e a t e d  i n  Transducer  Cont ro l8  I w d  c e l l .  
I n d i c a t o r .  
Tensile clamp l M d  determined frcm RBI S t r a i n  
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TABLE NO. X I 1 1  F 8 
RESULTS OP 15-CYCLE INSTALLATIOY TORQLE-TENSION TESTS OF 
BAC B3OLE S m I E .  IDX'EBNAL WREFlCIUNG HEAD A286 CRES BOLTS 
E 
1 
( ~ n - i b r )  
- 
TEST CONDITION: TORQUE FROH BOLT HEAD 
Bolt  Par t  No. : BAC B3OLE8 U35 
Thread Sire: 1/2-20 UNJF-SA 
Bolt  M a t e r i a l :  A286 CRES 
Bolt  F i n i s h :  PASSIVATE PES QQ-P-35 
Bolt  S p e c i i i c a t i o n .  BOEWG BPS-F-69 
SPECIMEN NO. SPECIMN NO.B-T% SPECIMEN NO. B-T35 SPECIMEN NO. B-T36 SPECIMEN NO. 
Newtons I (Pounds) 
INDUCED CLAMP LOAD 
Newtons I (Pounds) Newtons I (Pounds) I Nevtons I (Pounds) ii Newtons I ( P o u n d s r  
CYCLE if1 CYCLE 01 CYCLE 
DESIGN CLAMP LOAD: 107 110 Nevtons ( 24,080 Pounds) 
Nut Par t  NO.: H20-8 
Nut M e t c r i a l :  AMs 6304 STEEL 
Nut Finish: DRY FILM LUBE OVER WLLMIUH PLATE 
Washer P a r t  No.: MS 20002C8 h MS 20002-8 
Hole Size: 12.827 m ( 0 . 5 0 5  i n . )  
1560 I T  
2520 I T  
II H II R R 
70 860 15'930 66 320 14'910 63  030 
105 280 1 231670 1 105 770 1 231780 11 98 520 













































58 980 13'260 56 800 12;770 55 380 
97 770 I 21:980 9 5  010 I 21,360 89 850 








720 I T  
1200 IT  
1560 I T  
, CYCLE #4 CYCLE #& CYCLE 4 CYCLE #4 CYCLE #4 
7 703 1 ,730  7 870 1,770 8 140 1 ,830  
16 950 3,810 18 190 4,090 17  880 4,020 
30 630 6,900 33 540 7,540 31 980 7,190 
43 100 3,690 45  500 10,230 43 680 9,820 
360 IT 16 950 3,810 1 5  920 3,580 1 4  810 
720 I T  11 32 200 I 7,240 (1 30 340 I 6,820 11 29 000 
1200 I T  51 230 11.540 49 770 11.190 48 220 
360 I T  11 1 2  010 I 2,700 1 11 610 2.610 I/ 10 630 
720 I T  26 950 6.060 25 620 5,760 23 710 
1203 I T  45 460 10.220 43 280 9.730 42 080 
360 I T  10 305 2.450 1 0  050 2,260 9 870 
720 IT 24 110 22 910 21 390 
1200 IT 11 41 503 I ::::," I 39 850 I 1 36 780 
1560 IT 53 690 12,070 52 260 11,750 49 510 
2520 IT 91 100 20.480 87 140 19.590 8 2  870 
CYCLE #15 CYCLE #I5  CYCLE #I5 CYCLE 815 . CYCLE #15 
I 1 1 
350 IT 7 870 1 1,770 7 160 1,610 7 120 1,600 
720 IT 16 770 3,770 16 240 3,650 16 590 3,733 
1200 I T  28 310 6,500 29 890 5,720 29 310 6,590 
1560 IT 33 720 3,933 39 770 3,940 39 353 3,850 
2520 IT 74 280 16,705 70 320 15,810 71 300 16,030 
NOTES: 
I/ ' I T '  denotes  i n s t a l l a t i o n  torque .  
21 Bolt-nut assembly t e s t e d  in Transducer Cont ro ls  load c e l l .  T e n s i l e  clamp load  determined from RBI S t r a i n  - 
I n d i c a t o r .  
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TABLE NO. XI11 F 9 
RESULTS OF 15-CYCLE II'TSTALUTION TORQUE-TENSION T E S T S  
OF PAC B3OLE SERIES EXTERNAL WRENCHING WFAD A286 W S  BOLTS 
900IT 
1800 I T  
2400IT 











3 m 1 ~  
TEST CONOITION: TORQUE Fum NUT DESIGN CLAMP LOAD: 169 690 Newtons ( 38,150 Pounds) 
Balt Part No. : PAC B3OLE10-38 Nut Part No.: BAC N l O H R l O  
Thread Size: 5/8-18 mrn-3~ Nut M a t t  r i a l :  AMs6304 STEEL 
Bolt Materiel: ~ 2 8 6  ~s Nut F i n i s h :  DRY FILM LUBE OVER CADMIM PLATE 
Bolt Ftntsh: W C M x ~  P I A T E ,  QQ-p-416, T Y P E  11, CLASS 3 
8 O l L  SpeClficatlOn. BOEING BPS-F-69 Hole S i z e :  16.03 m ( 0 631 ! ) I  1 
Washer Part No. : MS 20002C10 h Mb 20002-10 
25 710 5,780 22 240 5,000 22 330 5,020 24 820 5,580)/ 
60 000 13,490 54 580 12,270 54 180 12,180 56 760 12 760 
77 840 17,500 75 480 16,970 87 450 19,660 77 620 17:450/j 
97 100 21,830 95 450 21,460 104 790 23,560 101 410 22,800 
122 100 27,450 119 780 26.930 134 060 30.140 124 630 28.020~ 
. CYCLE 84 CYCLE t 4  CYCLE 64 CYCLE CYCLE 
19 480 4,380 19 970 4,490 20 920 4,710 2 1  530 4,840 
49 460 11,120 39 410 8,860 54 220 12,190 51 510 11,580 
67 480 15,170 67 120 15,090 79 980 17,980 73 080 16,430 
9 1  050 20,470 96 700 21,740 103 330 23,230 95 940 21,570/ 
113 560 25,530 109 950 1 24,720 126 900 28,530 118 090 26 ,510~  
CYCLE 05 CYCLE C5 CYCLE 15 CYCLE '5 CYCLE 115 
19 130 4,300 18 730 4,210 16 860 3,790 19 620 4,410 
45 590 10,250 48 260 10,850 50 040 11,250 49 110 11,040 
66 450 14,940 72 460 16,290 75 130 16,890 69 480 15,020 
106 930 24,040 104 480 23,490 119 030 26.760 114 310 23.700 
88 340 19,860 94 830 21,320 98 350 2 2 , i i o  9 1  320 2c,530 
. CYCLE 1 6  CYCLE 86 CYCLE r)6 CYCLE 116 , CLC-E 116 






















































2 4 0 0 1 ~  
3 0 0 0 1 ~  
3 6 0 0 1 ~  
900 IT 




900 I T  
1800 I T  
2400 I T  
3000 I T  
3600 I T  
39 590 8,900 35 580 8,000 43 I00 9,690 41 540 9,340 
63 300 14,230 59 290 13,330 65 560 14,740 59 870 13,460 
88 560 19,010 77 260 17,370 86 820 19,520 77 880 17,510 
96 520 21,700 97 900 22,010 105 550 23,730 96 340 21,660 
CYCLE 011 CYCLE #ll CYCLE dil CYCLE B l l  CYCLE #11 
16 410 3,690 14 950 3,360 15 570 3 500 15 790 3,540 
44 390 9,980 36 210 8,140 41 190 9:260 40 790 9,170 
62 180 13,980 54 620 12,280 59 870 13,460 57 070 12,830 
81 670 18,360 75 350 16,940 80 420 18,080 74 640 16,780 
98 570 22,160 93 270 20,970 98 480 22,140 9 1  500 20,570 
CYCLE 015 CYCLV 115 CYCLE #15 CYCLE t15 CYCLE 115 
GALLING 15 210 3,420 14 590 3,280 GALLING 
1% CYC.E 37 360 8,400 38 390 8,630 15TH CY(.E 
53 780 12,090 55 600 12,500 
74 150 16,670 73 260 16,470 
91 140 20,490 91 540 20,580 I 
900 I T  
1800 IT 
2400 I T  
3000 I T  
3600 I T  
I I I I 1 
39 720 8,930 36 070 8,110 41 230 9,270 40 110 9,030 
80 110 18,010 70 410 15,830 85 000 19,110 81 260 18,270 
104 350 23,460 94 250 21,190 105 020 23,610 107 240 24,110 
134 200 30,170 118 050 26,540 138 240 31,080 137 220 30,859 
164 930 37,080 152 790 34,350 169 470 38,100 168 090 37,750 - 
. CYCLE 12 CYCLE 1 2  CYCLE 1'2 I C'ILLL e2 CYLI E r2 
6,870 20 420 4,590 23 660 5,320 27 530 6.1901 
12,610 55 200 12,410 61 470 13,820 60 310 13,560 
18,130 83 840 18,850 85 850 19,300 84 650 19,030 
21,810 103 240 23,210 112 130 25,210 105 730 23,770 
27,180 135 220 30,400 139 620 31,390 130 240 29,280 
CYCLE 1 3  CYCLE #3 CYCLL it3 ! CYCLE + 3  CYCLE 3 
I I I I 1 1 
30001T 94 520 21;250 87 050 191570 98 7901 22;210 87 490 1 1916701 
3 6 0 0 U  110 580 I 24,860 11 100 210 I 22,530 11 117 610 26.440 11 108 220 24,.330 
CYCLE #IO 11 CYCLE 110 1 CkCLE 010 11 CYCLE ill0 
NUZES: 
2/  
'IT' denotea installation torque. 
Bolt-nut assembly tested in Transducer Controls lord cell. 
Indicator. 
Tensile clamp lord determined fran BBI Strain 
57 1 
TABLE NO. XI11 F 10 
IUSIILTS (1p 1 5 - m  TNSl!AIJATI~N TORQUE-TENSION TESTS 
OF BAC B3OLE SERIES EXTERNAL WRBICRING XPAI) A286 CRES BOLTS 
SPECIMEN NO. B-T41 
TESI CONDITION: T~RQUE BOLT IIPM) DESIGN CLAMP LOAD: 169 690 Newtors ( 38,150 PWnda) 
Bolt Part NO. : Nut Part NO. : BAC N l O K i l l O  ~c B3aE10-38 
Thread Size: 5/8-18 m-3~ Nut Material :  AMs6304 STEEL 
Bolt Mater ia l :  ~ 2 8 6  ms Nut Finish:  DRY FILM LUBE OVER UDMIUM PLATE 
Bolt F i n i s h : w m  PLATE, QQ-P-416, TYPE 11, a s s  3 
Bolt Specif icat ion.  ~ E M G  ~ ~ ~ 4 3 - 6 9  Hole Size: 16.03 mm 0 631 in 
Washer Part NO. : MS 20002C10 h MS 20002-10 
SPECIMEN NO. B-T42 SPECIMEN NO. B-T43 SPECIMEN NO. R-T44 SPECIMEN NO. 
101.69 900 I T  
271.16 2400 IT 
338.96 3000 I T  






203.37 1800 I T  
271.16 2400 I T  
338.96 3000 I T  
4,310 16 410 3,690 18 990 4,270 18 370 4,130 
8,980 34 560 7,770 41 720 9,380 42 830 9,630 
11,630 51 950 11,680 61 520 13,830 60 360 13,YO 
15,570 76 730 17,250 85 360 15,190 81 130 18,240 
21,360 107 640 24,200 116  140 26,110. 114 310 25,700 , 1 440.641 ,3900 IT 
101.69 900 I T  
CYCLE 64 
I 
CYCLE (14 CYCLE i.4 CYCLE ri4 CYCLE r4 






3,890 15 480 3,480 16 410 3,690 16 320 3 670 
7,900 34 780 7,820 39 500 8,880 37 190 8:360 1 
11,610 50 440 11,340 57 5 l O  12,930 56 130 12,620 
16,190 70 230 15,790 78 510 17,650 75 790 17,040 
22,300 108 840 24,470 111 160 24,990 106 260 23,890 




CYCLE 03 11 CYCLE 63 11 CYCLE 3 0 CYCLE 83 /I C Y C l  F '3 
CYCLE 85 CYCLE c 5  CYCLE "5 ( I LL .  2 






4,010 17 040 3,830 16 680 3,750 15 920 3,580 
8,350 39 280 8,830 38 560 8,670 37 670 8,470 
11,830 56 360 12,670 59 250 13,320 54 890 12,340 
17,890 84 420 18,980 80 380 18,070 74 240 16,690 
23.040 112 930 25.390 . 108 800 2 4 . 4 6 0 - 3 2  970 1 7 3 , 1 5 0  
CYCLE #6 L i C L E  6 CYCLE <lo CYCLE #6 CYCLE 5'6 
I 
NUZES: 
L-/ ' I T '  denotes i n s t a l l a t i o n  torque. 
21 Bolt-nut assembly t e s t ed  in Transducer Controls load c e l l .  
lndicat  or. 
Tensile clamp 1o .d  determined from RBI Strain 







3 260 16 9901 3,820 
16 0101 ;:E;; 40 16 520 24 1 9,110 . ,650 7:200 39 720 8,930 38 30  
11,240 61 470 13,820 57 110 12,840 57 380 12 900 
16,680 86 820 19,520 78 240 17,590 75 970 17,080 
22,780 116 360 26,160 107 950 24,210 105 680 23.760 
CYCLE #IO 
15 920 3,580 
30 340 6,820 
56 220 12,640 
80 330 18,060 
97 460 21,910 
CYCLE #I1 
I 
CYCLE #lo CYCLE dl0 CkCLE # lo  CYCLE (110 
15 520 3,490 14 590 3,280 15 260 3,430 
43 860 9,860 39 720 8,930 36 780 8,2-0 
66 720 13,000 58 000 13,040 55 510 12,480 
88 920 19,990 76 060 17,100 75 040 16,870 
114 540 25,750 102 570 23,060 102 040 22,940 
CYCLE $11 CYCLE # l l  CYCLE Ill CYCLE 4111 
' I  






900 I T  
1800 I T  
2400 I T  
3000 I T  











3,390 17 440 3,920 14 900 3,350 1 7  350 3,900 
8,900 46 700 10,500 42 570 9,570 42 790 cf ,620  
14,070 65 700 14,770 60 850 13,680 61 690 13,370 
19,410 87 980 19,780 79 260 17,820 80 460 18,090 
25,640 108 930 24,490 107 330 24,130 109 550 24,630 
CYCLE #15 #15 CYCLE 615 CYCLE 115 CYCLE 115 
3,320 1 7  930 0,030 GALLING GALLING 
7,890 38 650 8,690 14TI1 CYCLE 15TR C Y Z E  
12,010 56 310 12,660 
17,230 74 900 16,840 






900 I T  
1800 I T  
2400 I T  
3000 I T  




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































I i t 1 
I 



























































































































C-Sl1 BAC B30LM8U35 
TAIfia. MO, xxv c 
.r 
RESULTS OF DOUBLE SHEAR STRENGTH TESTS OF BAC B30LM 

















I 1  I 
18 6.3071 ,2483 46 790 
" 6 . 3 4  .2482 46 700 
1/2-20 12.44d 0.490Q 163.240 
12.54d .4938 166 360 
'I 12.533 ,4935 165 470 
6.309; e2484 46 930 I t  
36 , 700 
37,400 
37 , 200 
97 






--.I-_ 4. " . . . I .. 
-. 1/ Hex head, long thread bolt  fabricated from A286 CRES per Boelng Standard %AC B3OIM. 
z/ Double shear t e s t s  performed on bo l t s  previously rubjected t o  t e n r i l e  r t rength 
3/ Minimum double shear load requirement p e r  Table VI, Boeing Spec. BPS-F-69, noted a 
Bolt6 furnished with cadmium pla te  f fniah per QQ-P-416A, Type 11, Clara 3 o r  p a i i f v r  
as noted. 
evaluation t e s t  a.  
0- f0110~6:  
1 /4-  28 - 9,300 l b .  (41 370 N) 
1/2-20 - 37,300 l b .  (165 910 N) 
$ 
TABLE NO. XI'? D 1 (A) 
RESULTS OF 15-CPCLE INSTALLATION TORQLE-TZSSION TESTS OF 
BAC 83ULM SEKIES HEX HEAD, LONG YREZD A286 CGS BOLTS 
DESIGN CLAMP LOPD: LO 733 Newtons ( 4,660 Pounds) TEST COKDITION: TORQUE FXCN NUT 
Bolt Part No. : BAC SMLn4-21 Nut Part No.: BAC Y1Om4 
Thread Size: 1/4-28 W - 3 A  Nut MaiLrial: H-11 STEZL 
B O I L  Material: ~ z a 6  ms Sur Finish: DRY i L L M  LUaE OVER W 4 l u M  PLATE 
Bolt Finish: -1UM U T E ,  QQ-P-416AA, TWZ 11, CLASS 3 Wasnrr Part NO. : XS 2C?002-4 
B O L L  SPeClficatLOn. BOEING BPS-F-69  ole Size: 6.452 m ( 0.254 in.) 











































19. J l  
22.60 
50 I T  3 380 760 
100 I T  9 870 2,220 
150 I T  18 190 4,090 
175 IT 21 310 1.790 
200 IT 
CYCLE 1 2  
I 
59 I T  
100 I T  
151) I T  
175 I T  
200 I T  
53 I T  
100 I T  
150 I T  
175 I T  
ZJO I T  
CYCLE #3 
1 CYCLE #4 
I 
11 CYCLE CS 
I 
175 Ir /I 15 170 3;410 
20'3 I T  
CYCLE N6 
50 I T  2 030 470 
100 I T  / /  6 340 1 1,560 
153 I T  13 530 2.930 
175 I T  j/ 1: ~JJ 1 3;::: 
203 I T  
CYCLE +IO 
53  IT 
L O O  I T  
150 I T  11 1; Gi I :$:: 
175 IT 13 120 2.950 
CYCLE 1.11 % 
100 IT 5 930 1,310 
150 I T  11 11 349 I 2,550 175 I T  12 680 2.850 
200 IT I '  
CYCLE 015 
50 I T  1 651) 370 
100 I T  5 360 1.3110 
~. 
8 320 4 980 1,120 8 810 1,980 
14 720 1 :38: 11 1; ::: 1 
18 100 4.070 15 $80 3.480 11 120 2.500 18 150 4.080 
8 810 I 1.980 11 14 770 1 3,320 1 
2 220 I 530 /I 2 050 I 460 1 1 200 I 270 1 2 220 1 500 1 7 210 1,620 5 780 1,300 4 450 1,000 6 940 1,563 12 810 2.830 10 360 2.330 7 960 1.790 12 230 2.750 
1 780 I 100 11 1 560 1 350 1 GALLING1 II I I 
?'IT' denotes i n a t a l l a t i o n  torque. 
9 Bolt-nut assembly teeted i n  Tramducer Control# load cell. 
Indicator .  
Tensi le  clamp load determined frm RBI St ra in  
57 6 
TABLE NO. XIV D 1 (B) 
RESULIS OF 15-CYCLE INSTALLATION TORQJE-TENSION TESTS OF 
BAC B30IM SEXIES H E f  HEAD, LONG TBREAD A286 CRES BOLTS 
TEST CONDITION: TOP.QLP2 P R M  DESIGN CLAMP LOAD: 20 730 N e w t o n s  ( 4,660 P o u n d s )  
B o l t  P a r t  No.  : BAC B3OLN4-21 
T h r e a d  S i r e :  1/4-28 U.W-3A 
B o l t  Material: A286 CRES N u t  Finish: DRY FILM LUBE OVER CADMIM PLATE 
B o l t  Finish.CALMIUL4 PLATE, QQ-P-416A. TYPE 11, CLASS3 
BoIt Specification. BOBING BPS-F-69 Hole Size: 6.452 rn ( 0.254 i n . )  
N u t  P a r t  NO.: BAC NlOER4 
N u t  M a t e r i a l :  H-11 STEEL 
W a s h e r  P a r t  No.: MS 20002-4 
E SPECIMEN NO. C-T6 SPECPLW NO. C-T7 SPECPIEN N0.C-T8 S P E C P L W  NO. SPECIMEN NO. 

















































. CYCLE 02 
50 I T  1 820 110 
100 I T  5 450 1,450 
150 I T  13 740 3,WO 
175 I T  - 
2W I T  21 570 4,850 
CYCLE 113 
175 I T  
53 I T  2 030 $70 
locJ I T  5 9$0 1,560 
150 I T  13 030 2,930 
175 I T  - 
200 I T  14 630 3,300 
CYCLE 110 
I 
175 I T  
59 I T  1 650 370 
103 I T  
153 I T  1: li-% 1 ::% 
175 I T  
200 I T  11 830 2.650 
INDUCED CLAMP LOAD 
N e w t o n s  1 ( P o u n d s )  N e w t o n s  I ( P o u n d s )  I N e w t o n s  I ( P o u n d s  
CYCLE 111 n CYCLE 81 I CYCLE #l 
I n I I I 
I II I I I 
CYCLE 112 11 CYCLE 112 1 CYCLE 82 
I I 1  I a I 
1 420 1 ii: 1 2 800 1 630 
3 270 1,860 14 720 3,310 
10 500 2,360 17 750 3,990 

















- II I I1 I 
CYCLE 116 11 CYCLE 66 
1 110 250 2 220 500 ~~~ 
3 5 5SO 780 1 
8 360 14 230 3,200 
11 1; % 1 
I I1 I 
CYCLE C10 11 CYCLE 110 
GALLING 1 820 410 
5 690 1,280 
10 360 2,330 
1 2  810 2,880 
CYCLE Ill 11 CYCLE 111 
I II I 
I II I 
CYCLE #15 11 CYCLE #15 
NOTES : 
1/ ' I T '  d e n o t e s  i n s t a l l a t ion  t o r q u e .  
CYCLE #6 
! & L E  #10 
I CYCLE 111 
I CYCLE #15 
N e w t o n s  1 ( P o u n d s )  
-?-- 
CYCLE 113 I CYCLE #4 
CYCLE 15 i CYCLE 1"6 
CYCLE 110 
1 CYCLE #I1 
-T CYCLE 115 
rl B o l t - n u t  a s s e m b l y  t e s t e d  in T i a n s d u c e r  C o n t r o l s  load  c e l l .  
I n d i c a t o r .  
T e n s i l e  clamp l o a d  d e t e r m i n e d  frm RBI S t r a i n  
57 7 
TABLE NO. X I V  D 2 
RESULTS OF 15-CYCLE INSTALLATIOX TORQUE-TENSIW TESTS OF 
BAC 8301M SERIES HEX WAD, LONG TKREAD A286 CRES BOLTS 
TEST C W D I T I O N :  TORQUE FRW 83~T HEAD DESIGN CLAMP LOAD: 29 730 Newtons ( 4,660 Pounds) 
Bolt Part N o .  : BAC 83W4-21 Nut Part N O . :  EAC YlOHR4 
Thread SIre: 1/4-28 UNJF-3& Nut Matk rial: H-11 STEEL 
Bolt Mllterlal: ~ 2 8 6  c.ws Nut Finish. DPY FILV LUBE OVER C A h Y I W  PLATE 
Bolt Finish: CAMIlM PLATE, Qv-P-416A, TYPE 11, CLASS 3 
Bolt Specification. BOEING BPS-F-69 Hole Slzt: 6.452 m ( 0.254 In.) 




1:::; 1 ::: 1 1,760 16.95 150 IT 14 630 3.290 1;; :f / /  
19.77 1 175 IT /j 18 590 j 4;180 
22.60 203 IT 
CYCLE L3 
5.65 1 50 IT I ; ;;; 510 
11.30 100 IT 1,530 
16.95 150 IT 12 280 2,760 
19.77 175 IT 14 720 3,310 
22.60 200 IT 
CYCLE #4 
510 
1;: I 1; :T /1 ::; I 1,410 
16.95 153 IT 10 360 2,330 
19.77 175 I1 12 720 2,860 
22.60 200 IT 
CYCLE 15 
I 
5.65 I 50 I T  I ; i;; I l,;;; 11.30 10 I  
16.95 150 I T  10 190 2.290 
19.77 175 IT 12 370 2,780 
22.60 200 I T  
50 I T  1 510 340 
1:;: I 100 I T  11 % 110 I 1,060 
16.95 150 IT I0 940 2.460 
INDUCED CLAW LOAD 
15 030 3;380 12 370 2;780 17 080 3,840 13 700 3,080 
17 170 3,860 15 210 3,420 20 420 4.590 16 680 3,750 
17 480 3.930 19 390 4,360- 
CYCLE #2 CYCLF 2 CYCLE "2 L Y C I k  '1 
I I I I -- 
2 850 640 2 980 670 1 600 360 
5 850 1,540 5 230 1,190 8 180 1,840 2: 1,:; 
1 1  030 2,480 9 790 2,200 14 230 3,200 10 720 2,410 
13 570 3,050 11 970 2,690 17 440 3.920 13 170 
~ 15  660 I 15 300 3,440 
1 560 350 1 960 440 1 659 370 1 420 320 
1,080 4 400 990 b 450 1.000 4 450 1.000 
1,670 7 650 1,720 8 1801 1,840 7 780 1 1,750 
11 830 2,657 12 140 2,730 
2,250 3 830 2,210 10 140 2,280 9 740 2,190 
CYCLE #15 CYCLE #1S CYCLE 1115 CYCLE 015 
I I 
980 220 1 110 2 5 0  1 600 360 1 470 330 
3 650 h 0  3 601 810 4 230 950 4 360 980 
5 580 1,480 6 490 1,460 7 870 1,770 7 610 1.710 
3 540 1,920 9 340 2,100 10 100 2,270 9 740 2,190 
11 610 2,610 11 560 2,690 
NUIES. 
T " 1 T '  denotes Installation torque. 
zl Bolt-nut assembly teated in Transducer Controls 1 M d  cell. 
Indicator. 
Tensi le  clamp load determined from R B I  Strsfn 
578 
TABLE NO. X I V  D 3 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
BAC B30LM SERIES HEX HEAD, LONG THREAD A286 CRES BOLTS 
TESI CCWDITION: TORQUE FROX NLT DESIGN CLAMP LOAD: 32 650 Newtons ( 7,340 Pounds) 
Bolt  P a r t  No. : BAC 830LM5-25X (OVERSIZE SHANK) Nut Pnr t  NO. : BAC NlOHR5 
Thread Size: 5/16-24 w m - 3 ~  Nut M a t e r i a l :  ALLOY STEEL 
Bolt M a t e r i e l :  A286 ems Nut Finish: DRY FILM LUBE OVW CADMIUM PLATE 
Bolt  Finish: CAUMIUH PLATE, qu-P-416A, TYPE 11, CLASS 3 
Bolt  SpeClfLcat lon .  BOEING BPS-F-69 H O I ~  size: 8.43 mm ( 0.332 in.)  











































100 IT 10 230 
200 IT 1 1; i!: I ::!:: 1 20 990 1 2:;:: I I! % 1 
300 IT 24 420 5,490 33 180 7,460 26 070 5,860 
325 I T  26 910 6,050 29 360 6,600 
11 I I1 I I1 I 
I I1 I I1 I 








200 I T  
300 IT 
325 IT 
11 5 690 1,280 1 8 810 I ::911 I 5 430 I 1,220 
12 190 2,740 16 810 3,780 11 120 2,500 
18 730 4,210 27 130 6,100 18 460 4,150 
21 260 4,780 29 940 20 770 4,670 
U 1 I 
I II I II I 
CYUE #15 11 CYCLE #15 n CYCLE x i 5  
Newtons I (Pounds) -
10 010 I 2.250 
19 570 4 i400  
30 070 6,760 




CYCLE 1 3  
CYCLE #4 I 
w 
CYUE #5 
1 4  190  3,190 
24 150  07 I 5.430 
27 220 I 6;120 
CYCLE #6 
Xr7-E- 
13 610 3;060 
22 550 5,070 
25 580 5,750 




11 520 2;590 
18 060 4,060 




CYCLE 3 1 
CYCLE #6 
CYCLE #10 I 
CYUE #ll 
-T CYCLE 115 
NOTES : 
21  
' IT '  denotes  i n s t a l l a t i o n  torque .  
Bolt-nut esaembly t e s t e d  in Transducer Control. l o a d  c e l l .  
I n d i c a t o r .  
T e n s i l e  clamp l M d  determined fro. BBI S t r a i n  
579 
T U L E  NO. XIV D 4 
RESULTS OF 15-CYCZE INSTALLATION TORQUE-TENSION TESTS OF 
BAC B3Gl.M SERIES HEX KEAD, LONG THREAD A286 CRES BOLTS 
TL92 U I P D I T I O N :  TORQUE FRCM SOLT HEAD DESIGN CLAMP L M D :  32 650 N e w t o n .  ( 1,340 Pounds) 
noit part NO. : BAC ~ 3 ~ ~ 5 - 2 5 ~  Nut Part No.: BAC NlOHRS 
Thread Sire: 5/16-25 W - 3 A  Nut M a t e r i a l :  ALLOY STEEL 
Bolt U a t e r i a l :  A286 CRES Nut F i n i s h :  DRY FILY LUBE OVER CAIx31W PLATE 
Bolt Finish: CADHIUK PLATE, PQ-P-IIlSA, TYPE 11, CLASS 3 
B o l t  Specification. BOEING BPS-F-69 Hole Size: 8 . 4 3  m ( 0.332 I n . )  
Uanher Part No.: MS 20002-5 
miss: 7 'IT' denote. ins ta l la t ion  torque. 
5/ Bolt-nut aamemblg rrmred in Tranrducar Control. load c e l l .  
Indicator. 
Tensile clamp load determined frm RBI Strain 
580 
TABLE NO. X I V  D 5 
RESLXTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
BAC B30LW SERIES HEX HEAD, LONG THREAD A286 CRES BOLTS 
TEST CONDITIOX: TOaQUE FRW NL?I DESIGN C M P  LOAD: 74 860 Neweons ( 16,830 Pounds) 
Nvt Part NO. : BAC NlOBR8 Bolt Part l o .  : BAC B301.1.f 8u 35 
Thread S l r e :  1/2-20 WJF-3A Nut Matt r i a l :  n-11 STEEL 
Bolt IlaterLa!: A286 CRES Nut Finish: DRY FILW LUBE OVER CADMIUM PLATE 
Bolt Finish: PASSIVATE PER C4Q-P-35 Washer Part No.: MS 20002-8 
Bole SpecliiLar!u.:. BOEINC BPS-F-69 Hole Size: 12.827 mm ( 0.505 in.) 
I - 
h ( i c l - - b r )  Yewtons I (Pounds) 
CYCLE +l 
40.67 3601T 21 840 4,910 
81.35 7201T 45 370 10,200 




11 CYCLE #5 I I 
40.67 363IT 12 140 2,730 
~ 1 . 3 5 1  72011 11 26 630 6,030 
135.58 1203IT 53 330 11,260 
41.6i 3 5 0 I T  !l 920 2.630 
11 .351  720IT 11 25 710 1 5 , i S r J  
135.53 12OJIT 49 460 11,120 
40.67 36OIT 10 350 2,330 
81.351 72012 11 23 530 1 5,290 
135.58 1200IT $3 390 3,890 
I I I  I 
CYCLE #15 
12 235 2,750 ;':I %:: 11 27 530 1 5,190 
135.53 1203IT 59 203 13:310 
I II I 
LVDUCED CLAMP LOAD 
Newtons (Pounds) Newtons (Pounds) Newtons (Pounds) Newtons I (Pounds) 
CYCLE 81 I CYCLE 461 I CYCLE N 1  CYCLE fl 
I n 1 1 1 R 1 
20 420 1 4,590 I 18 150 1 4,080 21 170 1 4,760 1 20 640 1 4,640 
77  080 17,330 79 750 17,930 76 460 17.190 74 730 16,800 
43 990 9,890 45 010 10,120 44 700 10,050 43 680 9,820 
I II 1 1 11 1 
I I1 1 1 1 n 1 
CYCLE 112 11 CYCLE i 2  I CYCLE 8 2  1 CYCLE 112 
13 260 2,980 13 880 3,120 14 990 3,370 15 430 3,470 
36 780 I 8,270 11 33 850 1 7,610 I 34 830 1 7,830 1 34 920 1 7,850 
61 740 13,880 62 580 14,070 63 470 14,270 63 870 14,360 
I II 1 1 1 U 1 
CYCLE 113 11 CYCLE C3 CYCLE 63 n CYCLE w3 
I II 1 1 II 1 
18 060 1 4,060 /I 11 880 1 ;::6: 13 790 1 ::il: 1 13 520 1 3,040 
64 570 io,020 28 560 30 960 30 380 6,830 
36 160 19,370 53 950 12,130 59 600 13,400 60 140 13,520 
U 1 U 1 u 1 
CYCLE (t4 1 CYCLE #4 CYCLE& 1 CYCLE #4 
14 460 11 080 12 100 12 280 
40 170 I ;:% I 25 310 1 28 510 1 i:::; 1 27 530 1 :::E 
SO 200 18,030 49 330 11,090 53 460 12,020 52 660 11,840 
NdES . 
T " I T '  denotes instA1htiOn torque. 
- 2/ Bolt-nut assembly tes ted in Transducer Controls load cell. 
Indicator .  








TABLE NO. XLV D 6 
RESULTS OP 15-CYCLE INSTALLATION TORQUE-TENSICN TESTS OF 
BAC B3OLM SERIES HEX HEAD, LONG THREAD A286 CRES BOLTS 
TEST O I T I O N :  
Bolt P a r t  No . :  BAC B3otKB U35 
Thread Size: 1/2-20 UNJF-3A 
Bolt H a t e r r a l .  A286 G U S  
Bolt Finish: PASSIVATE PER Q9-P-35 
Bolt S p e c )  t i L a t   LO^. BOEING BPS-F-69 
TORQUE FRDPL B.aT HEAD DESIGN ClAMP LOAD: 74 860 Newtons ( 16,830 Pounds) 
Nut P e r t  NO. : BAC N10HR8 
Nut Mat, r i a l :  H-11 S X E L  
sui ~ i " l + h :  DRY FILY I.L!BE OVER CADXIUM PLATE 
kiashcr Parr  No. : MS 20002-8 



































35 760 8,040 1 iit%bi 1 60 71 030 80 1 13.670 5 941 280 33 320 7'490 39 010 1::; :; (1 67 390 1 I:!% I 5 5  070 1 12:380 1 !: :z: 1 1::;:;1380 IT 75 660 17.010 63 320 14,370 
;:: it // 12 410 I 2.790 1 8 900 1 2,000 1 d 940 1 2,010 1 11 250 1 :::5: 1 11 430 1 2 ,570  
25 710 5,780 21 570 '+,a50 20 440 4,640 24 330 24 600 5.530 
1200 IT 46 840 10,530 41 720 9,380 40 250 9,050 43 770 9.840 44 120 9,920 
1380 IT 57 910 13,020 47 730 10,730 49 910 11,220 52  840 11,880 51 910 11.670 
f Yc: t 116 CYCLE Us CYCLE bh CYCLE 66 CYCLE rr6 -I-
4 
360 IT 1 9 870 1 2,220 1 8 230 j 1,850 I 8 670 1 1.950 I 8 980 1 2 . m  
1200 IT 40 380 9,190 34 789 7.82'5 40 250 9,050 39 540 8,890 
720 IT 21 930 4,930 18 990 6,270 20 680 4,650 20 590 4,630 
1380 IT 51 330 11,540 $2 480 9,550 49 420 11,110 46 210 10,390 
U I U I I1 I U I U 
CY- *lo 1) CYUE 110 1 -E 110 1 CkCLE #lo 0 CYCLE #I0 
I U I 
360 IT I/ 9 560 1 2,150 1 6 980 I 1,570 1 8 180 I 1,840 8 540 1 1,920 I 8 980 1 2.020 
720 IT 19 930 4.480 16 990 3.820 20 060 4,510 19 880 4,470 20 420 4.590 
1200 IT 41 280 9,280 32 070 7,210 38 340 8 , 6 2 0  38 390 8,630 37 540 8.440 
I380 IT 49 820 11,200 37 850 8.510 47 020 10,570 43 410 9,760 44 350 9.970 
360 IT /I 8 940 2,010 I 6 720 1 1:: 1 7 700 I 1,730 I 8 630 1,940 1 8 360 I 1,880 
720 IT 19 530 4,390 15 790 3,550 19 620 4,410 14 790 4,450 19 260 4,330 
120') IT 38 650 8,670 29 530 38 790 8,720 38 520 8,660 37 050 8,330 
1380 IT  48 480 10,900 35 580 8,000 46 170 10,380 43 950 9 , 8 8 0  43 810 9,850 
11 I II I II I U ,I 
CYCLE #15 n CYCLE #i5 11 CYCLE 1/15 I] CYCLE #15 1 CYCLE #15 
360 IT 11 8 500 1 1,910 1 h 140 1 1,380 1 8 140 1 1,830 1 8 410 1 1,890 1 8 05fl 1 1,810 
720 IT 18 86O 4,240 15 790 3,550 20 370 0,580 18 770 4,220 18 820 5,230 
1380 IT 45 550 10,240 34 740 7,810 46 030 10,360 42 430 9,540 43 230 9,720 
1203 IT 35 580 8,000 28 730 6,460 39 010 8,770 35 720 8,030 36 380 8,180 
mu: 7' IT '  d e n o t e s  installation t o r q u e .  
21 Bol t -nut  asmmbly t e a t e d  in Transducer  C o n t r o l s  l o r d  cell. 
Indicator. 












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TAtBLS Ea:? xv c 1 
RESULTS OF DOUBLE SHEAR STRENGTH TESTS OF 1516.8 MN/m2 
(220 KSI) SERIES EXTERNAL WRENCHING KEAD H-11 STEEL BOLTS 
( Pound B ) 
. - 










13 , 760 
1 HIS1 VS 2201 -3- 10 #lo-32 4.826 0.1900 33 270 

























,1890 33 090 
.1896 33 800 















STSBG002A04032 1 f 4-28 6.345 





I t  11 
I t  I 1  
I t  11 
0.2498 63 250 
.2496 59 600 
,2494, 61 740 
.2496' 61 830 
.2495 61 200 
H-SI1 STSBGOO2A05U16 5/16-24 7.927 0.3121 84 070 18,900 851.5 
7.927 .3121 87 180 
7 . 9 2 2 '  .3119 89 850 
7.925 ,3120 90 290 
7 .927 ,  .3121 89 400 
H-Sl2 11 11 
H-S 13 
H-S14 11 11 
H-SIS (1 I 1  
11 I1 
19,600 I 883.2 










BAC B361T6T25 .3739 146 340 
.3748 146 780 
,3748,148 120 
I .3745 147 230 




T32 7/16-20 I .4376 189 040 
" 11.102 ' .4371 186 820 11 
I 1  11.095 
I1 I' 11.100 
11 11.102 
BAC B3CIMTlOT24 5/8-18 15.832 
I 1  15.812 
11 15.822 
'I 15.827 
I I  I 15.827 
f 
I 1  
! 
.4368 184 150 41;400 
.4370 186 370 41,900 
.4371 187 710 42,200 
0.6233: 378 080 , 85,000 
.6225 383 860 86,300 
,6229 376 750 : 84,700 
.6231 380 300 85,500 















- .  , . . . ~. ... . - . . - . . . . - 
NOTES : - V ' E E e r n a l  wre hing bolt fabricated from H-11 a t e e l  conforming to Voi-Shan VS 2201, 
- 2/ Double shear t e s t s  performed on bo l t s  prevtouely rubjected t o  t e n s i l e  s t rength aval 
- 3/ Minimum double sheer load requirement noted as follows: 
Lockheed STSBG002, and Boeing BAC B30MT Standards. 
t e s t a .  
#lo-32 - 7,090 l b  (31 540 N) 3/8-24 - 27,800 lb (123 650 N) 
1/4-28 - 13,000 l b  (57 820 N) 7/16-20 - 37,500 l b  (166 800 N) 
5/16-24 - 20,200 lb (89 950 N) 5/8-18 - 76,600 l b  (340 720 N) 0 
58 8 
ThIi1.E '40 xv c 2 
RESULTS OJ? DOUBLE SHEAR STRXNGTH TESTS OF 1516.8 MN/m2 
(220 #SI) SERIES EXTERNAL WRENCHING HEAD H-11 STEEL BOLTS 0 
\H-S31 BAC B30Mll2T60 3/4-16 18.9431 0.7458 542 660 , 122,000 962.5 
jH-S32 11 11 
WS33 , 11 11 
pi434 I 1  11 





19.022 : ,7489 
I 
iH-S36 BAC B30MT7-26 7/16-20 11.082'0.4363 
I lH-S37 I1 '' 11.082 .4363 






I I . V Y I  
BAG B3CRVfT8-55 1/2-20 12.675 
11 12.672 
11 'I 12.677 
12.670 
11 " 12.675 
11 





























527 090 118.500 927.3 
527 090 118,500 929.4 
530 650 119,300 933.6 
534 200 120,100 3 940.4 
209 060 47,000 1083.9 
192 150 43,200 996.3 
195 710 44,000 1012.8 
199 040 43,400 999.1 
196 600 44;200 
237 080 53,300 
235 740 53,000 
237 970 53,500 
233 960 52,600 
236 190 ' 53,100 
518 190 116,500 
533 760 120,000 
513 740 115,500 
521 300 117,200 

































1 - - -_ -b --_I^_ . ._I  .. . 
NOTES : ---- 
I /  External wrenching b o l t  fabricated from H-11 steel conforming t o  Boeing BAC B 3 W  Standerd. - F/ Double shear t e s t8  performed on bo l t s  previously srubjected t o  t e n s i l e  strength aveluatiso 
I 3/ Minimum double shear load requirement per Table VI, Boeing Spec. BPS-F-69 noted a s  fo l lov  
t e s t s .  
7/16-20 - 37,500 lb (166 800 N) 










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TALLE NC XV E 
RESULTS OF ELONGATION AND REDUCTION OF AREA TESTS OF 
REDUCED GAGE SECTION EXTERNAL WRENCHING HEAD H-1I. 
STEEL BOLTS 





























I 1  I 
I 1  
11 
3/4-16 ' 
I 1  



























































NmES - 1/ Teet specimen incorporating reduced gage sec t ion  machined in 
bolt shank area from 12 Point External Wrenching Head bolts 
fabricated from H-11 steel. 
noted in Table 
- 2/ Evaluation tests performed on reduced gage sec t ion  b o l t  cpecimene 
L .d i% Nso3, XIV c 
u 
RESULTS OF DOUBLE SHEAR STRENGTH TESTS OF BAC B30LM 




i C - ~ 5  
1 cos12 
I 1 c-s11 
t Cos13 
(Cadmium P l a t e )  i 11 b 6.304 ,2482 46 880 10;540 ' 750.8 
I 1  6.30d .2482 46 700 10,500 , i 748.1 
I 1  6.309 .2484 46 930 10,550 t 750.1 
BAC B30U48U35 i 1/2-20 12.444 0,4900 163.240 36,700 1 670.9 
12,536 -4935 165 470 37,200 1 670.2 
, 6.3071 ,2483 46 790 10,520 ! 748.8 11 11 
11 
i t  
I i 
I ! 








:- L ..... 
- 1/ Hex head, long thread b o l t  f a b r i c a t e d  from A286 CRES p e r  Boefng Standard BAC B3OLM. 
- 2/ Double shear  t e s t s  performed on b o l t s  prev ious ly  subjec ted  t o  t e n t i l e  s t r e n g t h  
3/ Minimum double shear  load requirement pe r  Table VI, Boeing Spec. BBS-F-69, noted a8 
Bolts furn ished  wi th  cadmium p l a t e  f i n i s h  per  QQ-P-416A, Type XI, Clase 3 or par8i 
a s  noted. 
eva lua t ion  t e s t s .  
0- follows: 
1 /4- 28 - 9,300 l b .  (41 370 N)  




TABLE NO. XV F 1 (A) 
1516.8 M N / d  (220 XSI) SEUES EXTERNAL WRENCHING HEAD 
RESULTS OF 15-CYCLE INSTALLATION TORQW-TENSION TESTS OF 






















TEST CONDITION: TORQUE FR(N MTP DESIGN CLAMP LMD: 15 920 Newtons ( 3,580 Pounds) 
Bolt Part NO.: VS2201-3-10 Nut Part No. : BAC NlOHR3 
Thread Sire: #lo-32 UNS-3.4 Nut Metrr ia l :  H-11 STEEL 
Bolt Materrel: 5% cHB(ME O I E  STEEL Nut Finish: DRY FILM LUBE OVER CADXIUM PLATE 
Bolt Finlbh: VACUlM CADXIUM PLATE PER MIL-C-8837 Washer Part NO. : AN 960-10 






1 )  - 
L"- i!, I ) 
25 I T  
50 I T  
75 I T  
100 IT 
25 I T  
50 I T  
75 I T  
100 I T  
25 I T  
50 I T  
75 IT 
100 I T  
25 IT 
50 IT  
75 I T  
LOO IT  
25 I T  
50 I T  
75 IT 
100 I T  
25 I T  
50 I T  
LOO I T  
75 Ir 
25 I T  
50 IT 
75 I T  
100 IT 
9 390 2,110 7 920 
1; :E 1 ::% I 1; ii; 1 ::% I 14 280 1 3,210 I 12 140 1 L5 570 3,500 15 520 3,490 1 7  440 3.920 16 320 3,670 15 790 3.550 1 1; % 1 1 
2 090 1 470 1 2 000 1 450 I 2 450 1 550 I 2 090 1 470 1 I 870 I 420 I 5 070 1,140 5 030 1.130 6 490 1,460 5 160 1,169 4 630 1.WO 8 810 1,980 8 670 1.950 10 450 2,350 8 940 2,010 7 960 1,790 11 160 2,510 13 260 2,980 13 260 2,980 13 120 2,950 11 880 2.670 
I 11 I I1 I U I " 
CYaE c5 11 CYCLE #5 11 CYCLE 15 1 CYCLE $15 1 CYCLE t15 
I n I I1 I 11 I I1 I i 
I 960 I $40 /I 1 690 1 3ao /I 2 090 I 470 /I 2 ooo 1 450 1 I 780 1 400 1 
5 033 1,130 B 800 1,080 6 050 1,360 5 070 1,140 4 580 1,030 
7 830 1.760 8 720 1.960 8 180 1.840 10 190 2.290 8 810 1.980 
LO 810 I 2;430 11 12 410 I 21790 11 12 590 I 2;830 11 12 630 I 2;840 1 11 560 I 2.600 I 
I I II I I 
CYCLE 16 CYCLE #6 CYCLE #6 CYCLE #6 
1 690 2 180 490 2 000 2 050 460 380 
5 120 1,150 'r 850 1,090 5 560 1,250 5 070 1,140 
8 720 1,960 8 450 1,900 9 740 2,190 8 720 1,960 
11 120 2,500 12 590 2,830 12 190 2,740 12  450 2,800 11 650 2.620 
CYCLE #in CkCLE #IO CYCLE #IO 
1 910 430 1 780 400 1 650 
4 230 950 
7 470 1,680 
11 030 2,480 
CYCLE 1.10 11 CYCLE #IO 
I I1 I 
I 9 1 0  
4 850 1 1.2; I ::; 1 1,:; 
IO 230 2,300 1 2  230 2,750 
7 920 1,780 8 050 1,810 
NOTES: 7'IT' denotes in s t a l l a t ion  torque. 
21 Bolt-nut assembly tes ted i n  Transducer Control# load c e l l .  
Indicator. 
Tensile clamp load determined t r a  RBI S t r a i n  
59 2 
TABLE NO. XV F 1 (B)  
RESULTS OF 1 5 - C m E  INSTALLATION TORQUE-TENSION TESTS OF 
1516.8 KN/rn2 (220 KSI) SERIES EXTERNAL WRENCHING HEAD 
H-11 STEEL BOLTS 
TEST CONDITIOON: TORQUE FRM Nm DESIGN CLAMP LOAD: 15 920 Newtons ( 3,580 Pounds) 
Bolt  P a r t  No.: VS2201-3-10 Nut P a r t  No.: BAC NlOHR3 
Thread Sire: #lo-32 UNJF-SA Nut M a t e r i a l :  H-11  STEEL 
Bolt  H a t e r i a l :  57. CHRONE DIE STEEL Nut F i n i s h :  DRY FILM LWE OVER CADNIUH PLATE 
Bolt  F i n i s h :  VACUUM WLIMIUH PLATE PER NIL-C-8837 Washer P a r t  No. : AN 960-10 











































1 CYCLE 111 ! CYCLE 1il n I u 1 
II I II I n 1 
CYCLE 112 u CYCLE 1 2  CYCLE 1 2  
25 I T  2 360 530 1 960 M O  2 400 510 
I I 1 
CYCLE I 3  CYCLE P3 CYCLE #3 
25 I T  1 960 I 440 1 910 I 430 2 270 510 
II I II I II 
CYCLE C l l  1 CYCLE $11 11 CYCLE #11 
I II I I1 1 
CYCLE $15 11 CYCLE 815 11 CYCLE #15 
II I II I 1 
Newton8 I (Pounds) ii Newtons I (Pounds) 
CYCLE #l 11 CYCLE #l 
3 920 880 3 560 800 
8 050 1,810 7 340 1,650 
1 2  010 2,700 11 210 2,520 
16 990  3,820 1 6  060 3,610 
CYCLE #Z CYCLE #2 
6 980 1,570 5 470 1 ,230  
1 0  990 2,470 9 390 2,110 
1 5  080 3,390 13 660 3,070 
CYCLE #3 CYCLE N 3  
2 450 2 400 
1 U 1 
CYCLE 114 1 CYCLE 114 
1 II 1 
2 220 500 
5 920 1,330 4 890 1,100 
10 050 
1 2  540 I ;:% 1 1: ;:: 1 
CYCLE #10 C h E  #10 
CYCLE #11 CYCLE C l l  
410 
11 520 
CYCLE C15 CYCLE #I5 
NOTES : 
21 
' I T '  denotes  i n s t a l l a t i o n  torque .  
Bolt-nut assembly t e s t e d  in Transducer Cont ro ls  load cell. 
I n d i c a t o r .  
T e n s i l e  clamp lead  determined frcm RBI S t r a i n  
593 
TABLE NO. XV F 2 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
1516.8 MN/m2 (220 KSI) S L U E S  EXTEQNAL WRENCHING HEAD 
H-11 STEEL BOLTS 
TEST CONDITION: TORQUE FROn BOLT HEAD 
Bolt Par t  N o . :  vS22Ol-3-10 
T h r e a d  Size: #IO-32 UNJF-3A 
Bolt M a t r r i a l :  5% C H R M  DIE S T E U  
Bolt F l n l a h :  VACUUM CADMIUM PLATE PER >IIL-C-8837 










































50 ;T 9 390 2,110 7 210 1,620 
1 5  260 11 120 2,500 
1:: :: /I 17 330 I ::$?: 1 15 430 1 3,470 
I I - _~ 
CYCLE 112 CYCLE #2 
25 IT 2 760 620 2 220 500 
53  I T  7 250 1,630 5 650 1,270 
75 I T  12 190 2,740 3 430 2,120 
105 TT 14 950 3,360 13 570 3,050 
CYCLE ff3 CYCLE 1 3  
25 IT 1 690 1 380 2 540 570 
50 IT 5 920 1,330 5 650 1,270 
75 I T  10 1 5 0  2,350 9 160 2,060 
100 7 T  13 035 2,930 1 3  340 3,030 
I I  I U I 
CYCLE #4 11 CYCLE $4 
I I 
CYCLE #5 CYCLE K5 
25 IT I 3.30 310 2 500 570 
50 I T  670 1,053 5 670 1,280 
75 I T  7 070 2,010 8 940 2,010 
100 IT 11 920 2,680 12 390 2,920 
CYCLE 16 CYCLE C6 
25 I T  
O l U E  #10 CYIXE #IO 
25 50 I T  lm6 490 1,010 5 520 1,240 
75 I T  8 320 1,870 2,060 
LOO I T  10 300 2,453 13 Oe30 2,940 
CYCLE 111 CYCLE #ll 
CYCLE 115 11 CYCLE 115 
I I 
II I II I 
DESIGN CLAMP LOAD: 15 920 N e w t o n s  ( 3,580 P o u n d s )  
Nut P a r t  N o . :  BAC NlOHR3 
N u t  M a t r r i a l :  H - 1 1  STEEL 
Nut Finish: DRY FILM LUBE OVER CADIIILW PLATE 
Washer Part N O .  : AN 960-10 
Hole S i z e :  4 .93  m ( 0.194 i n . )  
SPECIMEN NO. B - T I 3  SPECIMEN NO.E-Tl4 SPECIMEN S 0 . H - T I 5  
Newtons I (Pounds) N e w t o n s  1 ( P o u n d s )  ! Xehtons I ( P o u n d s )  
CYCLE it1 CYCLE til II CYCLL el 
4 050 910 3 830 860 3 910 880 
8 630 1 ,940  
12 320 1 2,770 I 13 790 I 3,100 11 1; 9”: 1 ::::: 
16 320 3,670 1 7  790 4,000 16 210 3.650 
7 830 1,760 
2 180 1 490 I 2 050 1 160 1 2 090 1 470 
5 650 1.270 5 380 1,210 5 520 1 ,241  
9 740 2,190 9 610 2,160 9 210 2,070 
13 610 3,060 14 190 3,190 13 480 3,030 
I U I U I. 
CYCLE 114 n CYCLE 114 1 CYCLE 64 
2 053 460 2 050 /I 2 140 I 080 460 
5 430 1,220 5 200 1,170 
9 250 1 2,090 1 9 250 1 2,080 I ii: 1 ::::: 
13 430 3,020 14 100 3,170 13 210 2,970 
2 180 I 490 I 2 180 I 490 I 2 000 1 450 
5 380 1,210 5 470 1,230 5 560 1,250 
9 210 2,070 9 430 2,120 8 810 1,980 
1 3  740 3,090 13 830 3,110 12 540 2,820 
I U I I 
I I1 I n I 
CYCLE 115 1 CYCLE K15 I[ CYCLE 115 
1 600 1 360 1 1 820 1 410 1 1 730 1 390 
4 940 1 ,110  4 800 1,080 4 580 1,030 
a 270 1,860 8 100 1,820 7 780 1,750 
12 590 2,830 1 2  540 2,820 11 390 2,560 
NOTES : 
- 21  ‘ I T ‘  denotes  i n s t a l l a t i o n  torque. Bolt-nut asiembly t e s t e d  i n  Transducer C o n t r o l #  load c e l l .  
Indicator .  
Tensile c l a w  load d e t e n i n e d  frm RBI S t r a i n  
594 
TABLE NO. XV F 3 (A) 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
H-11 STEEL BOLTS 
1516.8 MN/m2 (220 KSI) SERIES EXTERNAL WRENCHING XEAD 
TEST CONDITION: TORQUE FRCM NUI DESIGN CLAMP LOAD: 27 360 Newtons ( 6,150 Pounds) 
Bolt Part No. : STSBG 002A04032 Nut Part No.: HAC N10m4 
Nut Material: ~ - 1 1  STEEL T h r e a d  Sire: 1/4-28 I J V J F - ~  
Bolt Haterial: H-11 STEKL PBR AMs6487 Nut Finish: DRY FILM LUBE OVER CALMIM PLATE 
Bolt Finish: DIFFUSED NICXEL CADMIUM PLUS CHRUUTE TREAT Washer Part NO. : MS 20002C4 h MS 20002-4 
































SPECIWES NO. E-Tl6 SPECIMEN NO. E-TI 
I /  INDUCED 
, I  I ,-- 
CYCLE #2 11 CYCLE (12 
50 IT 4 980 1.120 3 650 a20 
100 IT 10 850 2;440 8 760 1,970 
150 I T  11 17 350 I ::9!: 11 14 950 1 3,360 200 I T  22 82 21 440 4.820 
240 I T  27 890 I 6;270 26 730 I 6;OlO 
50 IT 4 980 I 1.120 3 250 730 
CYCLE 113 CYCLE 83 
100 I T  11 210 2;520 8 140 1,830 
150 I T  / /  16 640 I :!:7: 11 14 230 I 3,200 200 I T  23 0 20 68 4.650 
240 IT 11 29 710 1 6;680 1 25 490 I 5;730 
CYCLE & 11 CYCLE #4 
50 I T  
100 I T  
150 I T  
200 I T  
240 IT 
50 I T  
100 IT 
150 I T  
200 I T  
240 I T  
CYCLE W 
50 I T  I 2 310 520 I :$ 1 570 
100 I T  6 630 1,490 1,540 
150 I T  11 920 2,680 11 650 2,620 
200 I T  17 480 3,930 16 770 3,770 
240 I T  23 930 5,380 21 260 4,780 
CYUE #I1 CYCLE #11 
50 I T  2 000 450 2 450 550 
100 I T  11 6 000 I 1,350 /I 6 720 I 1,510 
150 I T  10 010 2.250 11 430 2.570 
200 I T  16 900 3;800 16 640 3;740 
240 IT 20 680 I 4,650 21 130 I 4,750 
CYCLE #15 CYCLE #15 
50 I T  1 870 420 2 220 500 
100 I T  5 830 1,310 6 360 1,430 
150 I T  9 390 2,110 10 900 2,450 
200 IT 14 410 3,240 15 700 3,530 
240 I T  18 550 4,170 19 970 4,490 
Hole S i z e :  6.452 mm ( 0.254 in.) 
SPECPLEN NO.E-TI8 SPECMEN NO. E-T19 SPEC= NO. H-TZO 
AMP LOAD 
Newtons I (Pounds) Newtons (Pounds) ' Newtons I ( P o u n d a l  
CYCLE #l I CYCLE #l CYCLE #l 
3 2@0 720 4 800 1.080 4 140 930 
9 120 2,050 10 680 2;4W 10 190 2,290 
15 080 16 720 16 060 
21 710 I 2!% I 23 890 1 z::;: 1 23 220 1 z726:; 
2 760 620 3 380 3 780 850 
l; ::: 1 :57: / /  7 870 1 i:iii I 9 030 I 2,030 
12 810 14 860 3.340 
18 820 4:230 18 590 4i180 21 530 4:MO 
23 260 5,230 22 600 5,080 25 930 5,830 
CYCLE #5 1 CYCLE $15 1 CYCLE #5 
2 670 1 600 11 3 250 I 730 1 3 510 I 790 
7 210 1,620 7 290 1 1,640 8 900 2,000 
12 140 2,730 11 970 2,690 14 060 3,160 
17 570 3,950 17 260 3,880 20 770 4,670 
22 110 4,970 20 910 4,700 25 310 5.690 
CYCLE 16 1 CYCLE 66 I CYCLE 66  
2 670 600 2 980 I 670 1 3 380 I 760 
1,590 6 940 I 1,560 8 580 I 1,930 
11 210 2,520 13 430 3,020 
16 590 3,730 20 240 4,550 
22 510 5,060 I 19 840 4,460 25 130 5.650 
$ 1 7.:;7: 
CYCLE 110 u &CLE #lo I CYCLE 110 
2 400 540 2 890 3 020 I 680 I 650 ~ 
6 720 1.510 5 690 1.280 7 740 1.740 
11 480 2;580 9 470 2;130 12 940 2;910 
16 320 14 100 19 130 
20 730 I 2:;: /I 16 950 I ::i:o" 1 23 220 I :E 
NOTES : 
21 
' I T '  denotes installation torque. 
Bolt-nut assembly tested in Transducer Controls 1Md cell. 
Indicator. 
Tensile clamp load determined from RBI Strain 
59 5 
TABLE NO. XV F 3 (B) 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
1516.8 MN/m2 (220 KSI) SERIES EXTERNAL W C H I N G  HEAD 
H-11 STEEL BOLTS 
5 560 1,250 
2 ::! 1 ig 9 530
CYCLE i 2  
TEST CONDITION: TORQUE FROH NUT DESIGN CLAMP LOAD: 27 360 Newtons ( 6,150 Pounds) 
Bolt P a r t  NO. : STSBG OOZA04032 Nut P a r t  No.: BAC N10HR4 
Thread S t z e :  1/4-28 UNJF-3A Nut M e t i r i a l :  H - 1 1  STEEL 
Bolt  Material: H-11 STEEL PW AMs6487 Nut F l n l s h :  DRY FILM LUBE OVER CADMIUM PLATE 
Bolt  F1nIbh:DIFPUSED NICKEL CADMIUM PLUS CHROMATE TREAT Washer P a r t  N O . :  MS 20002C4 h MS 20002-4 
Bolt  Specttiidtiun. LOCKHEED STSBSOOZ Hale Size: 6.452 m ( 0 . 2 5 4  i n . )  
1,250 3 160 710 4 180 940 4 490 1,010 
11 340 8 100 1,820 8 940 2,010 10 540 2,370 
1: :E 1 1 3  080 2,940 1 4  280 3,210 16 640 1 3,740 
24 690 5,550 25 040 5,630 19 480 4,380 23 400 5 ,260  
28 330 6,370 27 440 6,170 24 150  5,430 27 670 6,220 
















































I h. 9 5  
22.60 
27.12 






50 I T  




50 I T  





I T  
I T  




- 21 ' I T '  denotes  I n s t a l l a t i o n  torque. Bolt-nut a.sembly t e s t e d  in Transducer Cont ro ls  l o a d  cell. 
I n d i c a t o r  . T e n s i l e  clamp load determined fran RBI S t r a i n  
59 6 
TABLE NO. XV P 4 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
1516.8 MN/m2 (220 KSI) SERIES EXTERNAL WRENCHING HEAD 
H-11 STEEL BOLTS 
TEST CONDITION: TORQUE FRW BOLT HEAD DESIGN CLAMP LOAD: 27 360 Newtons ( 6,150 Pounds) 
Bol t  P a r t  No. : STSBG 002A04032 Nut P a r t  No. : BAC NlOHR4 
Thread S i r e :  1/4-28 UNJF-3A 
Bol t  M a t e r i a l :  H-11 STEEL PER ANS6487 Nut Finish: DRY FILM LUBE O V W  CADNILIM PLATE 
B o l t  Finish: DIFFUSED NICKEL CADMIUM PLUS CHROMATE TREAT Washer P a r t  No.: MS 20002C4 h MS 20002-4 
Nut M a t e r i a l :  H-11 STEEL 

















































SPECIMEN NO. E-T26 SPECIMEN NO. H-T27 
INDUCED 
( i n - l b f )  Newtons I (Pounds) Newtone I (Pounds1  
. CYCLE 1/1 CYCLE #l 
50 IT 3 600 810 3 690 830 
100 I T  7 960 
150 I T  11 13 430 I :::;: /I 1; ;;: 1 ;$: 200 IT  19 350 4.350 17 610 3.960 
11 CYCLE 112 u CYCLE #2 
I I, 
50 IT  3 110 700 1 730 39 0 
100 IT  7 470 1,680 5 470 1,230 
150 IT  12 370 2,780 10 100 2,270 
200 IT  17 570 3.950 14 370 3,230 
270 I T  24 290 5,460 19 660 4,420 
CYCLE 63 CYCLE #3 
I I I 
50 IT  2 670 600 1 690 380 
100 11 6 410 1 .40  5 290 1,190 
150 IT  11 300 2.540 9 520 2,140 
200 I T  16 010 3,600 13 390 3,010 
270 IT  22 860 5,140 18 060 4,060 
CYCLE #4 CYCLE #4 
I I 
50 IT 2 270 400 
100 IT  1 5 870 1 1,:; I t % 1 1,140 
150 IT  10 540 2,370 8 850 1,990 
200 I T  14 770 3,320 12 850 2,890 
270 IT  21 040 4,730 17 480 3.930 
11 CYCLE 15 u CYCLE (15 
50 I T  
100 I T  
150 I T  
200 I T  
270 I T  
I .  
CYCLE #I5 11 CYCLE X15 
I I I  I 
150 IT 3 870 
I T  
Hole Size: 6.452 mn ( 0.254 in.) 
SPECIMEN NO. H-T28 SPECIMEN NO. H-T29 SPECIMEN NO. H-T30 
MP LOAD 
Newtons (Pounds) j Newtons (Pounds' 
CYCLE #l CYCLE #I 
3 780 I 850 I 4 890 I 1.100 I 10 810 
1: z: I 1,810 1 2;430 13 260 2,980 16 810 3,780 4 28 28 070 6,310 
27 270 6,130 
CYCLE d 2  CYCLE #Z 
I I 
15 750 1 ziz5: I 18 370 j 4;130 
22 510 
CYCLE #3 CYCLE K 3  
2 850 710 
6 490 1 1.2; 1 % 1 1,740 
10 500 2.360 12 630 2.840 
CYCLE #5 
I II I 
700 ;:: / 1,660 
8 980 2.020 11 300 2.540 
: I 1,;;; I/ 
1 780 2 400 
4 540 1,020 6 090 1,370 
7 830 I 1,760 11 9 830 I 2,210 
11 030 2.480 15 030 3.380 
CYCLE N11 CYCLE #11 
4 400 6 140 1,380 
7 380 1,660 9 700 2,180 
10 680 2,400 14 860 3,340 
15 790 3.550 
CYCLE #15 CYCLE 115 
1 780 1 910 
4 140 930 5 030 1.130 
Newtons I (Pounds) 
CYCLE 81 
26 200 I 5;890 
CYCLE 8 2  
3 160 710 
6 850 I 1,540 
10 990 2.470 
CYCLE 83 
10 100 2,270 
14 280 3,210 
20 550 4,620 
CYCLE #4 
2 450 550 
5 920 1 1.330 
9 790 I :j:2 
13 880 3,120 
19 570 
CYCLE #5  
2 310 520 
5 430 I 1.220 
9 030 2.030 
5 120 1,150 
8 760 1 1,970 
12 540 2.820 
18 280 I 41110 
4 580 1,030 
7 870 I 1,770 
11 340 2.550 





T I I T *  d e n o t e s  i n s t a l l a t i o n  t o r q u e .  
- 21 Bol t -nut  assembly  t e s t e d  in T r a n s d u c e r  C o n t r o l s  l o a d  cell. 
I n d i c a t o r .  
T e n s i l e  clamp l o a d  de termined  from RBI S t r a i n  
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TABLE NO. AW F 5 
RESULTS OF 15-CY&E INSTALLATIOX TOKQW-TENSION TESTS OF 
1516.8 MN/m2 (220 S I )  SEKIES EXfERIVkL W C H I N O  HEAD 
H-11 STEEL BOLTS 
TEST COHDITION: TORQUE !Rm N J P  DESIGN CLAMP LOAD: 43 230 Newtons ( 9,720 Pounds) 
Bolt P a r t  No. : STSBOOOZAO5U16 Nut P a r t  NO.: BAC N1OHR5 
Thread Size: 5/16-24 LINJF-3~ Nut Material: ALLOY STEEL 
B o l t  Hater;s l :  H-11 STEEL PE3 k .  5&87 Nut Finish: DRY FILM L m E  OVER CAMIUM PLATE 
B o l t  Finish: DIFrUSED NIQCEL-WDMI~ PLUS CHROIUTE Washer P a r t  No. : MS 20002C5 5 ?IS 20002-5 







































SPECINEN NO. H-T31 SPEClXR4 NO. H-T32 SPECIMEN NO. K-T33 SPECINEN NO. R-T34 SPECMEN N0.R-T35 
INDUCED C W  LOAD 
in -Lbf )  Newtons I (Pounds) 1 Newtons I (Pounds) 1 Newtons I (Pounda) Newtons I (Pounda) I Newtons I (Pounds) 
D 
CYCLE #I 11 CYCLE #I 1 CYCLE #I CYCLE f l  1 CYCLE (r l  
I I I I I I I I 
100 I T  
200 I T  
300 I T  
325 I T  
I T  
100 I T  
200 I T  
300 I T  
325 I T  
I T  
1 4 630 1 1,040 I 4 310 I 970 I/ 5 540 1 1,250 
10 810 2,430 10 900 2,450 12 140 2,730 
18 590 4,180 19 350 4,350 19 530 4,390 
24 290 5,440 24 690 5,550 23 840 5,360 
II I II I II I I 
1 CYCLE #11 11 C Y a E  #I1 C Y a E  #I1 u CYCLE 111 
I 
C Y a E  115 CYCLE #I5 CYCLE #I5 CYCLE 115 
I 
100 I T  4 310 970 4 310 970 5 740 1.293 5 250 1,180 
29 270 1 6 ; 5 8 0  
CYCLE 66 
12 589 







T ' I T '  denotes installation t o r q u e .  z/ Bolt-nut .s#embly teited in T r s n a d u c e r  Control. load cell. 
Indicator. 
Tenaile clamp load determined f r s  UBI S t r a i n  
TABLE NO. XV F 6 
RESULTS OF 15-CYCLE INSTr\LLATION TORQUE-TENSIOY TESTS OF 
1516.8 KN/m2 (220 U I )  SERIES EXTERNAL WRGiCHING SFAD 
H-11 STEEL BOLTS 
100 I T  
n II N A 
CYCLE 112 11 CYCLE (12 11 CYCLE 112 I CYCLE 12 1 CYCLE C2 







100 I T  
200 I T  
300 I T  
350 IT 










4 360 980 4 580 1,030 4 710 1,060 3 600 810 4 940 1,110 
11 480 2,580 12 370 2,780 12 100 2,720 9 870 12 590 2,830 
19 700 4,430 21 040 4,730 21 170 4,760 1 7  080 I ::E: 20 860 1 4,690 



























100 I T  9 160 2,060 10 500 2,360 10 320 2,320 11 830 2,650 9 650 2,170 
200 I T  20 150 21 840 4,910 
300 I T  11 34 430 ;:% 1 :: % 1 ;:% 1 :: zi: 1 ::% I :: i!: 1 i:::: I 34 920 1 7,850 
350 I T  43 100 9,690 43 370 9,750 45 330 10.190 45 550 10,240 43 010 9,670 
I T  
200 I T  18 370 4;130 19 350 4;350 19 530 4;390 17 480 3;930 18 640 4i190 
300 IT 11 34 380 1 :::7: I/ 30 420 I 11 29 530 1 ::6:: I 28 910 1 f:,": 11 :2 i;: 1 6,670 350 I T  42 080 37 450 36 47 34 83 8 18_ _  
100 I T  /I 5 780 1 1,300 I 6 230 I 1,400 1 5 250 I 
200 I T  16 590 3,730 15 430 3,470 12 720 
300 IT 28 290 6.360 25 890 5.820 24 550 
100 I T  
30 510 31 800 
IT 
1 CYCLE #4 
n I I1 I 
11 CYCLE #6 11 CYCLE C6 11 CYCLE 86 1 CYCLE #6 CYCLE #6 
100 I T  
200 IT I 1; % 1 2,; I 1: ,",'," I I 1; 2;: I 2,:; 1 ;:; I 1,;: I 1; zi; I ;:% 
300 I T  18 860 4,240 19 220 4,320 19 080 4,290 16 950 3,810 19 340 4,280 
350 I T  23 570 5,300 24 380 24 690 5,550 21 620 4,860 24 200 5,440 
I T  
,I I I, I1 ,I I, I 
C Y U E  #15 11 CYCLE #15 u CYCLE 115 n CYCLE 215 I[ CYCLE #15 
I I1 I n I II I II I 
100 I T  4 980 1,120 4 760 1,070 4 540 
2M) I T  11 920 12 010 11 390 
300 I T  11 20 330 1 31%; 11 19 840 I 11 19 480 
350 I T  25 310 24 390 25 260 
1.020 11 3 510 I 790 11 4 630 I 1.040 
2;550 11 8 940 1 11 11 480 I 2;580 
4,380 16 150 18 770 4,220 
5,680 20 540 4,640 23 970 5,390 
NOTES: 7'IT' denotes inn ta l l a t ion  torque. 




TABLE NO. XV F 7  
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
1516.8 W/m2 (220 KSI) SERIES EXTERNAL WRENCHING HEAD 
H-11 STEEL BOLTS 
TEST CONDITION: TORQUE IRON NUT DESIGN CLAMP LmD. 66 940 Newtons ( 15,050 Pounds) 
Bolt Part Nu.: BAC 8 3 m 6 ~ 2 5  Nut Part No. : BAC NlOHR6 
Thread S i L r :  318-24 UNJF-~P. Nut Matt ~ i a l :  ALLOY STEEL 
Bolt Marerrax: H-11 STEEL Nut Finish: DRY FILM LUBE OVeR CADHIUN PLATE 
Bolt Fini .11.  DIFNSED NICKEL-CAD?IIUH PLATE Washer Part NO.: MS 20002C6 h MS 20002-6 
Bolt SpeCIClLdtioi. BOEING BPS-F-69 Hole S i z e :  9.627 m ( 0.379 i n . )  















































l i  
( I n - l b f )  Newtons 1 (Pounds) 
-I- 
, CYCLE 111 
I 
150 I T  12 900 
300 I T  / /  26 910 
450 I T  10 650 
600 I T  55 640 








150 I T  11 9 960 I 2.240 
300 IT 22 640 Si090 
450 I T  /I 34 340 1 7,720 600 I T  48 750 10.960 
7 0 0  IT 57 020 I 12;820 
CYCLE #3 
150 I T  11 880 2.670 
300 I T  23 130 5.200 
450 IT 34 340 1,720 
600 I T  45 810 10,300 
700 I T  55 820 12.550 
CYCLE 14 
150 IT 9 870 2,220 
300 IT 20 060 4,510 
450 IT 29 980 6,740 
600 I T  42 750 9,610 
700 I T  50 840 11,430 
C Y a E  25 
I 
150 IT 1,950 
300 I T  11 1," zi: I 4,470 450 I T  29 890 6.720 
6W I T  40 340 9;070 
700 I T  48 710 10,950 
CYCLE #6 
150 IT  
300 I T  
450 I T  
603 I T  37 450 ai420 
700 IT 44 790 10,070 
CYCLE #IO 
150 I T  7 610 1.710 
300 IT 16 103 3,620 
450 IT 25 890 5,820 
600 I T  35 760 8,040 
700 I T  41 810 3,400 
CYCLE 111 
I 
150 IT  
300 I T  
450 I T  
600 IT 











I,  I .  
CYCLE #15 
I 
150 I T  
300 I T  11 1: ;i: 1 klii: 
450 I T  21 080 4.740 
600 IT 30 420 6;840 
700 I T  11 35 360 1 7,950 
INDUCED CLAMP LOAD 
CYCLE rr3 
CYCLE 4 CYCLE 114 
1 7  440 3,920 18 550 4,170 
28 160 6,330 29 620 6,660 
40 250 9,050 42 390 9,530 
48 660 10,940 50 710 11,400 
CYCLE #5 CYCLE 15 1 8 320 1 8 450 1 1:900 
1:870 
1 7  480 3,930 17 930 4,030 
27 580 6,200 27 930 6,280 
39 590 8,900 39 770 8,940 
46 700 10 500 47 950 10 780 
CYCLE C6 CYCLE (16 
8 320 I 1,870 11 7 870 1,770 
15 970 3,590 16 810 3,780 
26 600 5.980 27 360 6.150 
37 990 I 8,540 (I 38 390 Si630 
44 260 ] 9'950 46 080 10 360 
CYCLE #10 CYCLE #IO 
24 200 5;440 23 890 Si370 
34 120 1 7,670 /I 33 360 1 7,500 
01 500 9.330 41 190 9.260 
CYUE #11 CYCLE #ll 
12 940 2,910 13 740 3,090 
21 620 4,860 21 530 4,840 
31 710 7,130 31 220 7,020 
$0 250 9,050 39 900 8,970 
CYCLE #15 CYCLE /I15 I 5 740 1 6 810 1,530 1:290 
13 030 2,930 12 590 2,830 
20 590 $,63,0 20 550 4,620 
30 290 6,810 29 980 6,740 
37 050 8,330 37 590 8 450 
Newtons (Poundal 
CYCLE #l 
17 350 3,900 
9,920 
58 090 13.060 
65 210 14,660 
CYCLE c 2  
CYCLE 4 3  
38 7 0 0  1 $;7 
48 730 
CYCLE 1/4 I 







11 560 2;600 
18 370 4,130 
27 180 I 6.110 
38 120 I ai570 
Newtons I (Pound.) 
CYCLE J-1 
CYCLE *2 
21 880 4,920 
34 160 7.680 




8 270 1 1.860 
49 640 1 11;160 
LYCLL 116 
7 650 I 1.720 
__
16 720 3;760 
25 890 5.820 
36 830 8.280 
44 920 1 l 0 : l O O  
CYCLE #IO 
h 940 I 1.560 
15 210 3:420 
23 890 5.370 
33 760 7.590 
41 370 I 9;300 
_I 
CYCLE 011 
6 270 1 1.410 
13 830 3;110 
21 800 4,900 
31 670 7.120 
39 720 I ai930 
CYCLE #15 
-'IT' denotca inatallation torque. z/ Bolt-nut anaembly tented i n  Transducer Control8 load cell. 
Indicator. 
Tensile c1.q l M d  determined frm RBI Strain 
600 
TABLE 50. XV F 8 
RESULTS OF 15-CYUX INSTALLATION TORQUE-TKNSICN TESTS OF 
1516.8 MNlm2 (220 KSI) SERIES EMWNAL WRENCHING BEAD 
H-11 STEEL BOLTS 
600 I T  
750 I T  
150 I T  
DESIGN CLAnP LOAD: 66 940 Newtons ( 15,050 Pounds) TEST CONDITION: 
Bolt Part  No. : BAC B 3 M 6 2 2 5  Nut Part N O .  : BAC NlOFR6 
Thread S i z e :  3/8-24 ( ~ N J F - ~ A  Nut M a t e r i a l :  ALLOY STEEL 
Bolt ?(aterial: ~ - 1 1  STEEL Nut Finish: DRY FILM LUBE OVER CAIMIUPI PLATE 
B o l t  Finish: DIFFUSED 8IMF.L-CADMIUM U T E  Washer Part No . :  MS 20002C6 h MS 20032-6 
Bolt S p e c l f i c a t i O n .  BOEING BPS-F-69 Hale size: 9.627 m ( 0.379 i n . )  
TORQdE PKOH BOLT HEAD 
33 890 7;620 33 760 7;590 30 510 6;860 34 120 7;670 30 820 6;930 
45 5W I 10,230 9,620 
CYCLE 15 CYCLE 65 CYCLE #5 CYCLE #5 CYCLE #5 
5 540 1.470 6 140 1.380 6 140 1.380 5 920 1.330 1. 4 980 1.120 














150 I T  
300 IT  
453 I T  







5 653 1,270 4 710 1,060 4 980 1,120 6 270 1,410 4 180 940 
13 035 2,930 11 480 2,580 10 850 2,440 13 660 3,070 9 210 2,070 
20 770 1,670 18 640 4,190 17 040 3,830 21 220 4,770 15 260 3,430 
31 940 7,180 27 000 5,070 24 640 5,540 20 070 6,760 22 730 5,110 































150 I T  1,480 5 160 1,160 
10 540 2,370 I :% I/ 19 130 i 4,300 
Y : ' I T '  d e n o t e s  i n s t a l l a t ion  torque. - 2 f  Bolt-nut assembly tes ted in Transducer Control8 l c n d  c e l l .  
Indicator .  
Tensile clamp l l v d  determined frm RBI St ra in  
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TABLE NO. XV F 9 
RESULTS OF 15-CYCLE INSTALLATIOH TORQUE-TENSION TESTS OF 
1516.8 HN/m2 (220 KSI) SERIES FXEBNL WRENCHING HEAD 
H-11 STEISL BOLTS 
240 IT 
480 I T  
720 IT 
1080 I T  
1440 IT 
DESIGN CLAMP LOAD: 90 630 Nevtons ( 20,375 Pounds) TEST CONDITION: TORQLIE FRm m 
Bolt Part No.; BAC B3W7-26 Nut Part NO.: BAC NlOHR7 
Thread S i r e :  7/16-20 W - 3 A  Nut MsrLriai: W O Y  STEEL 
Bolt Mateirai : H-11 STEEL Nut Finish: DRY FILM LUBE OVER CALMIW PLATE 
Bolt F i n i s [ & :  WLDXIUM FLUOBORATE PER NAS 672 Washer Part No.: MS 20002C7 & MS 20002-7 
Bait Spec:  t i c a t  i w i .  BOEING BPS-F-69 Hole Size: 11.23 rrrm ( 0.442 i n . )  
7 870 1,770 7 520 I 1,690 6 940 1,560 7 160 1,610 7 560 1,700 
18 150 4,080 17 080 3,840 15 750 3,540 1 7  080 3,840 17 300 3,890 
29 000 6,520 26 950 6,060 24 860 5,590 26 550 5,970 28 160 6,330 
50 220 11,290 44 920 10,100 41 140 9,250 43 590 9,800 43 900 9,870 
57 910 13,020 66 720 15,000 60 540 13,610 62 490 14,050 69 230 14,440 
CYCLE #5 CYCLE #5 C Y U E  #5 CYCLE P5 CYCLE 65 













240 I T  
480 I T  
720 I T  
1080 I T  


























7 520 1,690 7 120 1,600 6 540 1,470 6 760 1 1,520 7 030 1,580 
1 7  300 3,890 15 260 3,430 15 750 3,540 15 830 3.560 16 460 3,700 
28 470 6,4M) 25 440 5.720 24 020 5,400 24 640 5,540 26 110 5.870 
48 350 10,870 42 570 9,570 36 250 8,150 39 540 8,890 41 370 9,300 





















240 I T  
480 I T  
720 I T  
1080 I T  
1440 I T  





Y ' l T '  denotea installation torque. 
rl Bolt-nut assembly teated i n  Tranaducer Controls load cell. 
Indicator. 
Tensile clamp l M d  determined from RBI Strain 
602 
RESULTS OF 15-CICLE INSTALLATION TORQLT-TENSION TESTS OF 
1516.8 MNlm2 (220 KSI) SERIES EXTERNAL WRENCHING H U D  
H-11 STEEL BOLTS 
ICSI CUIDITION: TmQUE FRU4 W I T  HEAD DESIGN W LCAD: 90 630 Newtons ( 20,375 Pounds) 
Bole P a r t  No. : BAC B 3 M 7 - 2 6  Nut P a r t  NO. : BAC N10HR7 
Thread Size: 7/16-20 IMJF-3A Nut M a t e r i a l :  ALLOY STEEL 
Bolt W a t e I l a l :  H-11 STEEZ Nut F i n i s h :  DRY FILM LUBE OVER CADNILM PLATE 
Bolt  F i n i s h :  CADMIUM FLUOBORATE PER NAS 672 Wanher P a r t  NO.: MS 20D02C7 (. MS 20002-7 
Bol t  Specification. BOEING BPS-F-69 Hole S ize :  11.23 m ( 0.442 i n . )  
I 27.121 2 4 0 I T  
27.12 2 4 0 1 1  
54.23 48OIT 
81.35 7201T 
122.02 1 0 8 0 1 1  
183.04 16201T t-t 54.23 4801T 27.12 24011 
27.12 2401T 1 54.231 4 8 0 1 1  
720 11 






860 4 760 1,070 4 310 970 
13 080 2 ,940  9 390 2,110 11 790 2,650 10 360 2,330 
21 OIl0 4,730 15 300 3,440 19 080 4,290 17 210 3,870 
33 800 7,600 26 330 5,920 29 620 6,660 27 980 6,290 
56 040 12.600 46 930 10.550 49 020 11.020. 48 6 20 10.930 
5 250 1,180 3 830 MLLING 
T ' t I I *  denotes installation torque. - 21 Bolt-nut as8emblg teated in Iran8ducer Contro l#  load cell. T e n s i l e  clamp laad determined frao RBI Strain 
Indic8tor. 
693 
TABLE NO. XY F 11 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
1516.8 m/m2 (220 KSI) SERIES EXTERNAL WRENCHING HEAD 
H-11 STEEL BOLTS 
TEST CONDITION: TORQUE FRIX NLT 
8olt Part No. : BAC 83m7T32 
Thread i l i ~ :  7/16-20 UNJF-3A 
Bolt MaCrrlal. H-11 STEEL 
Bolt F i n i a l i .  D I F N S H )  NICKEL-CAIMIW 
Bolt SPeLIllLrtion. BOEING BPS-F-69 
DESIGN CIAMP LOAD: 90 630 NrWtOnS ( 20,375 P O U i l d S )  
Nut Part N o . :  BAC NlOxR7 
Nut XaCc r i a l :  ALLOY STEa 
Vur F i n l a k :  DRY FILY LUBE OVER CALNIW PLATE 
Washer Part No.: MS 20002c7 h MS 20002-7 
H O ~ ~  s i z e :  11.23 ( 0.442 i n . )  
SPECMEN NO.E-T61 JPECMEN NO.H-T62 SPECMEN NO. E-T63 SPECIMEN NO.E-T64 SPECMEN NO. H-T65 1 INDUCED CIXW LOAD 
27.12 240 I T  18 680 4.200 
::/ 11 42 66 030 5 1 1 ~ : ~ ~ :  
122.02 1080 I T  90 920 20,440 
162.70 1440 I T  
I CYCLE r13 
27.12 240 IT 1,870 
54.23 480 I T  2; E: 1 4.910 
81.35 720 IT 35 580 8,000 




240 I T  11 6 320 1 1,420 480 I T  18 150 4,080 81.35 72011 32 81 7.390 
122;02 l O B O I T  54 620 12;280 
162.70 1440 IT 
C Y a E  1 5  
27.12 240 I T  7 960 1,790 
54.23 480 I T  18 410 4.140 
81.35 720IT 30 820 6,930 
122.02 1080IT 51 020 11,470 
162.70 1449 I T  
CYCLE #6 
27.12 240IT 7 740 1,740 
54.23 480IT 17 970 4.040 
81.35 720IT 28 650 6,440 
122.02 1090IT 47 869 10,760 
162.70 1440 I T  
a a x  110 
I 
122.02 1080IT 
162.70 1440 I T  
CYCLE #11 
27.12 240 IT  6 850 1,540 
54.23 480IT 15 480 3,480 
81.35 72011 24 110 5.420 
122.02 1080IT 40 120 9,020 
162.70 144OIT 
CYCLB # l j  
27.12 240IT 6 410 1,440 
54.23 480IT 14 590 3.280 
Newtons 1 (Pounds) I Newtons I (Pounds) Newtons I (Pounds) Newtons I (Pounds) 
CYCLE .'I CYCLE i f 1  CYCLE $1 
I I I 
18 550 4.170 18 150 18 460 16 280 
43 060 1 ::% 1 44 840 1 1;:;: I 32 290 1 ;$: I 40 430 1 9,030 
69 790 15.690 75 040 16,870 50 400 11,330 62 140 13.970 
89 400 20,100 93 450 21,010 71 080 15,980 90 470 20,340 
89 670 20,160 
I1 I 
CYCLE (12 ]I CYCLt i'? I CYCLE *2 II CYCLE ".' 
13 480 3.030 15 480 3,480 14 100 11 650 
33 180 1 7,460 I 30 650 I ::;;: 25 710 1 ::% 1 30 560 I 6,870 
54 350 12.220 52 490 11.800 39 500 8.880 47 550 10.690 
85 130 19i140 79 310 17;830 63 300 14;230 74 990 16,860 
83 180 18.700 
CYCLE 13 CYCLE 1'3 ! LYCLE 4 0  CYCLE 
4 I U I I 
14 810 3,330 11 790 2,650 9 700 2.180 11 920 2,680 
33 270 7,480 28 070 6,310 21 970 4,940 28 020 6,300 
52 220 11,740 50 040 11,250 34 250 7.700 44 570 10,020 
81 840 18,400 73 700 16,570 58 050 13,050 71 260 16,020 
CYCLE $4 .L CYCLE 114 CYCLE r14 I CYCLE #4 
78 330 17,610 - 
10 990 2,470 k i  % 1 ::% 1 27 220 I ::% I L i  ?:: 1 2::;; 1 25 440 1 5.720 
43 860 9.860 46 530 10.460 29 850 6.710 40 920 9.200 
11 340 
10 760 11 650 
22 510 1 gl;: /I 25 710 1 ::% 1 1: i":l ::% 
34 830 7,830 42 480 9,550 24 150 5,430 
62 140 13,970 61 960 13,930 45 410 10.210 
I I 
I I, I U I I1 I 
C Y U E  1111 11 CYCLE 611 1 CYCLE #I1 1 CYCLE #ll 
2,010 11 030 2,480 I 9 4 0  1,110 
6,050 22 770 5,120 13 700 3,080 
5,900 34 740 7,810 22 150 4,980 
9,820 49 330 11,090 35 320 7,940 
49 190 11,060 
CYCLE 115 CYCLE 015 CYCLE (115 CYCLE 015 
7 3$0 1,650 10 140 2,280 4 850 1,090 6 540 1,470 
16 410 3,690 21 220 4,770 12 050 2,710 15 920 3,580 
25 930 5,830 34 380 7,730 19 700 4,430 25 930 5,830 
43 370 9,750 48 220 10,840 31 980 7,190 43 900 9,870 
44 300 9.960 
m: 
1/ 'IT' denotes in s t a l l a t ion  torque. 
21 Bolt-nut amembly teated i n  Transducer Controls load c e l l .  Tennile clamp l o a d  determined frm RBI Strain - 
Indicator. 
TABLE NO. XV F 12 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
1516.8 MN/mZ (220 KSI) SERIES EXTERNAL WRENCHING HEAD 
H - 1 1  STEEL BOLTS 
I  to^^^ 1 
TEST CONDITIOX: 
Bolt Part No. : BAC B3ZMT7T32 
Thread Size: 7116-2- W - 3 A  
Bolt Marcrial: H-11 STEEL 
Bolt F i n i b t : :  DIFFUSED NICKEL-CAMIUM 
Bolt Speciiicatw::. BOEINC BPS-F-69 
TORQUE FRCM BOLT HEAD 
SPECMEN NO. GT66 11 SPECIMLN NO. H-T67 I) SPECIPlEN NO. H-T68 I SPECIMEN NO. H-T69 11 SPEC- NO. E-T70 
LVDUCED CLAMP LOAD 
DESIGN CLAMP LOAD: 90 630 Newtons ( 20,375 Pounds) 
Nut Part No. : BAC N1OIIR7 
Nut MatLriai: ALLOY STEEL 
Nut Finish: DRY FILM LUBE OVER CADMIUM PLATE 
Washer Part N O . :  MS 20002C7 & MS 20002-7 






240 I T  3 740 840 4 400 990 4 980 1,120 8 100 1,820 4 360 980 
480 I T  9 340 2,100 10 360 2,330 12 810 2,880 16 590 3,730 10 360 2,330 
720 I T  15 660 3,520 1 7  300 3,890 19 350 4,350 27 040 6,080 15 830 3,560 
1080 I T  27 890 6,270 29 400 6,610 32 a30 7,200 43 900 9,870 26 420 5,940 
1380 IT 38 790 8,720 43 950 9,880 49 150 11,050 63 870 14,360 41 500 9,330 
CYCLE #I5 CYCLE 615 CYCLE #I5 CYCLE $15 CYCLE #I5 
I I I I I 






14 060 17 880 1 7  570 3;950 1 7  120 3;850 
10.630 39 010 46 530 10.460 50 440 11.340 44 350 9.970 
:i% 11 23 350 1 11 27 530 I ::% 1 27 710 I 6,230 / /  27 090 1 6,090 I 
240 I T  940 4 090 920 4 580 1,030 7 430 1,670 4 000 9 00 
480 I T  i: 1 2,090 9 650 2,170 11 300 2,540 15 300 3,440 10 270 2,310 
720 I T  15 300 3,440 16 640 3,740 1 7  930 4,030 23 400 5,260 15 520 3,490 
1080 I T  27 180 8,480 28 470 6,400 28 780 6,470 41 280 9,280 25 220 5,670 
1380 I T  37 720 8,480 39 810 8,950 43 770 9.840 58 090 13.060 ; 40 210 9.040 
13;970 55 600 I 12;500 66 590 I 14;970 70 410 I l5;830 62 760 I 14;llO , 
CYCLE 65 C Y a E  #5 CYCLE 65 CYCLE #5 
1,270 5 960 1,340 7 030 1,580 8 140 1,830 6 320 1.420 
3.060 13 030 2.930 16 810 3.780 16 500 3.710 15 830 3.560 
27.12 240 I T  5 650 
54.23 480 I T  13 610 
81.35 720 I T  24 780 
122.02 1080 I T  40 790 
155.92 1380 I T  59 960 
CYCLE #b 11 CYCLEii6 (I CYCLE 86 11 CYCLE #6 1 CYCLE 86 
I I 1  I II I B I I I I 
27.12 240 I T  
480 I T  I 2::31 720 I T  
122.02 1080 I T  
Si570 20 420 4;590 25 930 Si830 25 530 5;740 
9,170 33 230 7,470 44 350 9,970 49 020 11,020 
13,480 50 530 11.360 64 010 14.390 67 430 15.160 
5 690 1,280 4 980 1,120 6 410 1,440 1,760 5 740 1,290 
13 170 2,960 11 650 14 460 1 7  930 13 920 
22 420 5,040 19 350 I ::% 23 890 I ::::: 2; :;: 1 1 23 260 I ::::: 
39 190 8,810 33 230 7,470 40 650 9,140 47 500 10,680 37 450 8,420 
55 560 12,490 47 420 10,660 59 200 13,310 68 050 15.300 56 130 12.620 
CYCLE 110 CYCLE #10 CPCLE #10 CYCLE #I0 CYCLE #IO 
990 5 160 1,160 5 600 1,260 7 960 1,790 4 800 1,080 
10 270 2.310 11 250 2.530 13 740 3.090 15 830 3.560 11 920 2.680 I 4 4 0 0  I 
16 770 3’770 18 410 26 070 I 4;810 4i140 11 11 28 870 I 6:490 11 31 220 I 7.020 11 :: ::: I 7.920 43 550 9.790 
11 42 700 I 91600 11 46 570 I 101470 11 52 840 I 111880 11 62 670 I 141090 11 45 330 I 10:190 1 
CYCLE #I1 [I CYCLE #11 11 CYCLE #I1 1 CYCLE #ll 11 CYCLE #ill -I 
7 ” I T ‘  denotes installation torque. 
21 Bolt-nut assembly tes ted in Tranaducer Controls load c e l l .  Tensile clamp load determined frau BBI StrAin - 
Indicator, 
TABLE NO. XV F 13 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
1516.8 MN/m2 (220 KSI) SERIES EXTERNAL WRWCHING HEAD 
H-11 STEEL BOLTS 
TEST CCNDITION: TOXQUE FROM NUT 
molt P a r t  No. : 8AC B3M7T32 
Thread Size: 7/16-20 UN.TF-3A 
Bolt H a t e r i a l :  H-11 STEEL 
Bolt l i n i s h :  DIFFUSED NICKEL-CADMIUM 
Bolt S p e c i f i c a t i o n :  BOEING BPS-F-69 
DESIGN CLAW LOAD: 9 0  630 Newtons ( 20,375 Pounds) 
Nut P a r t  NO. : H83-7 (SPLINE DRIVE) 
Nut M a t e r i a l :  MARAGING STEEL 300 
Nut Finish:DRY FILM LUBRICANT OVER DIFFUSED NICKEL-CADHILM PLATE 
Washer P a r t  NO.: MS 20002C7 h MS 20002-7 
noie size: 11.23 orm ( 0.442 in.) 














































1 240 IT j2 3,440 480 IT 33 670 7.570 720 I T  54 670 12,290 1080 IT 8 3  000 18,660 1200 IT 96  880 21,780 
480 IT 27 310 ;:E:; 
240 Ir 1 12 720 
720 IT 46 390 10,430 
I080 IT 73 530 16.530 
1200 IT 9 3  270 20.970 
CYCLE #3 
240 IT 8 450 1,900 
480 I T  19 930 4 ,480  
720 IT 33 760 7 i590  
1080 IT 54 840 12,330 
1200 IT 75 390 16,950 
CYCLE #4 
I 
240 IT 11 7 520 I 1.690 
CYCLB 1 5  
240 IT 
480 I T  15 660 3,520 
720 IT 25 710 5,780 
1080 I T  41 990 7,440 
1200 I T  59 020 13,270 [r CYCLE 16 
1 40 390 I080 ; 1 9;080 
1200 IT 57 820 13,000 
CYm 110 
240 I T  
480 IT 




480 I T  
720 I T  
I080 IT 
1200 IT 
240 IT 1,530 
INDUCED I 
Newtons (Pound.) 
13 830 3.110 
31 710 7.130 
77 660 17,460 
92 520 20,800 
49 820 11.200 
CYCLE 1 2  
 
12 370 2,780 
27 270 6,130 
41 140 9.250 
11 030 2,480 
2 3  970 5,390 






20 820 4,680 
32 690 34  I 2'100 7.35  
52 930 11;900 
61 120 I 13,740 
CYCLE 110 
9 250 I 2,080 
19 970 4.490 
30 200 6;790 
68 790 10.970 
55 290 12.430 




ewtons (Pounds) Newtons (Pounds) i Newtons I (Pounds) 
CYCLE #I I CYCLE #I n C Y a E  rl  
1 1 1 11 1 
1 7  hR0 I 3 990 I 16 320 I 3.670 11 16 590 I 3.730 . . . -. - , . .
37 810 8,500 34 610 7:780 35 230 7;920 
55 960  12,580 52 890 11,890 53 640 12.060 
85 620 19,250 80  730 18.150 81 710 18,370 
92 030 20,b90 9 1  270 20,520 9 3  990  21.130 
CYCLE d 2  
1
~ 
CYCLE (12 CYCLE i t2 
1 n 1 
1 1  300 I 2 540 N 9 470 I 2.130 I 9 300 I 2.090 
~ .- ..-.. 
23 490 5,280 22 420 5;MO 
37 270 1 8,380 1 35 500 I 7,980 
61 160 1 3  750 56 530 12.710 .. . .~  
70 010 
~ 
8 760 I 1,970 1 8 140 I 1,830 11 7 830 I 1,760 
21 080 4.740 20 020 4,500 18 370 4.130 
32 290 7.260 31 450 7.070 29 890 6,720 
7 290 I 1,640 8 940 I 7 650 I 
?n a m  f':: 11 19 170 17 440 3.920 _" . (__ .  .. ~ 
31 800 7,150 30 960 6;960 
52 660 11,840 48 390 10,880 
59 200 13,310 59 430 13,360 
T ' I I T '  denote. instmllmtion torque. 
z/ Bolt-nut ..menbly t a i t e d  in Trmnmducar Cont ro l#  load c e l l .  Tenmile clmlap h a d  determined fro. R81 S t r a i n  
Ind iemt or. 
TABLE NO. XV F 14 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
1516.8 MN/m2 (220 KSI) SERIES EXTWNAL WRENCHING H U D  









Bolt P a r t  No.  : BAC B3m7T32 
Thrend Size: 7/16-20 m-3~ 
TORClUE FRCM BOLT XEAD 
Bolt Mater ia l :  H-11 STEEL 
DESIGN CLAMP LOAD: 90 630 Newtons ( 20,375 P o u n d s )  
Nut P a r t  NO. : 
Nut M a t e r i a l :  MARAGING STEEL 300 
Nut Fini6h:DRY FILM LUBRICANT OVER DIFFUSED NICKEL-CAD?IIUM PLATE 
H83-7 (SPLlX3 DRIVE) 
Bolt Finish: DIFFUSED NICKEL-CAIMIIM Washer P a r t  N o . :  MS 20002C7 L MS 20002-7 
Bolt S p e c i f i c a t z o n .  ROEING BPS-F-69 Hole Size: 11.23 mm ( 0.442 in.) 


























240 I T  
480 I T  
720 I T  
1080 I T  
1440 I T  
11 390 2,560 12 100 2,720 13 210 2,970 12 940 2,910 11 560 2,600 
25 350 5,700 24 820 5,580 24 020 5,400 26 820 6,030 25 840 5,810 
42 750 9.610 39 720 8,930 35 720 8,030 42 120 9,470 41 500 9,330 
75 170 16,900 61 030 13,720 57 330 12,890 66 190 14,880 64 320 14,460 
90 690 20,390 86 110 19,360 80 420 18,080 90 120 20,260 91 050 20,470 
CYCLE 82 CYCLE 12 CYCLE #2 CYCLE #2 CYCLE I 2  
I I I I I 
10 950 2,440 8 670 1,950 9 870 2,220 9 250 2,080 
24 240 5,450 18 770 4,220 20 020 4,500 20 680 4,650 
33 140 7,450 27 670 6,220 31 540 7,090 30 870 6,940 
49 910 11,220 44 340 9,970 49 020 11,020 51 460 11,570 
56 190 14,880 64 230 14,440 69 120 15.540 , 74 100 16,660 
11 CYCLE 13 u CYCLE (13 CYCLE 83 11 CYCLE #3 
II I I I n I 
240 I T  
480 I T  
720 I T  
1080 I T  
1440 I T  
240 I T  
480 I T  
720 I T  
1080 I T  
1440 I T  
CYCLE #4 11 CYCLE #4 H 
5 030 1.130 6 270 1.410 7 920 1.780 6 810 1 51n 
7.740 II 39 320 I 8:840 II 39 590 I s'9nn U 38 960 I 8'760 
240 I T  
683 I T  
720 I T  
1090 I T  
1440 I T  
11 CYCLE #6 11 CYCLE 16  CYCLE 116 It P I I /  I I1 I I 
240 I T  
480 I T  
720 I T  
1080 I T  
1440 I T  
1,330 4 490 1,010 5 650 1,270 4 940 1,110 5 290 1,190 
2,960 10 630 2,390 13 120 2,950 12 320 2,770 12 900 2,900 
4,660 1 7  880 4,020 20 460 4,600 19 750 4,440 20 280 4,560 
8,120 29 490 6,630 33 320 7,490 30 820 6,930 33 720 7,580 
12,140 44 120 9,920 48 620 10,930 46 790 10,520 49 680 11,170 
CYCLE #11 CYCLE #11 CYCLE #11 , CYCLB #ll CYCLE 111 
240 I T  
480 I T  
720 I T  
1080 I T  
1440 I T  
5 740 1,290 4 980 1,120 5 650 1,270 5 030 1,130 4 670 1,050 
12 280 2,763 11 030 2,480 13 170 2,960 12 320 2,770 12 410 2,790 
19 350 4,350 18 950 4,260 20 280 4,560 19 970 4,490 19 220 4,320 
34 870 7,840 31 450 7,070 33 090 7,440 31 090 6,990 32 250 7,250 
48 390 10,880 45 860 10,310 48 040 10,800 47 590 10,700 48 620 10,930 
CYCLE #15 CYCLE #15 CYCLE 115 CYCLE #15 CYCLE #15 
I I I I 
1,340 4 760 1,070 5 430 1,220 5 250 1,180 4 670 1,050 
2,840 10 320 2,320 13 120 2,950 12 630 2,840 12 230 2,750 
4,620 16 950 3,810 20 020 4,500 20 060 4,510 19 350 4,350 
7,870 29 530 6,640 32 960 7,410 31 000 6,970 32 030 7,200 
11,090 45 410 10,210 47 550 10,690 48 170 10,830 . 46 440 10,440 
NOTES * 
T " 1 T '  d e n o t e a  ins ta l la t ion  t o r q u e .  z/ B o l t - n u t  assembly t e a t e d  in T r a n s d u c e r  C o n t r o l a  l o a d  c e l l .  
I n d i c a t o r ,  
Tensile clamp load d e t e r m i n e d  f r a  luJI S t r a i n  
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TABLE NO. XV B 1 5  
RBSULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
1516.8 M N / d  (220 KSI) S E R I E S  WPTERNAL WRENCHING HEAD 
H-11 STEEL BOLTS 
TEST CONDITION: TORQiiE FROH NLW DESIGN CLAMP L W D :  120 990 Newtons ( 27,200 P o u n d s )  
Bolt Part No. : BAC B 3 m 8 - 5 5  Nut P a r r  No.: BAC NIOXR-8 
T h r e a d  S l r e :  1/2-20 UNJF-38 Nut Matc r i a l :  ALLOY STELZ 
Bolt Materral :  N-11 STEEL N u t  F i n i s l i :  DRY FILM LUBE OVER CADMIW PLATE 
Bolt  F i n i i l i :  CAWIUM FLUOBOUTE PLATE PER NAS 672 Washer Part No. :  NS 20002Cd h XS 20002-8 
Bolt S p r c i x i l a t i o r i .  BOEING EPS-F-69 ~ ~ i e  s iz t :  i 2 . m  rn ( 0.505 in.) 
E 
(in-Lbf) 
SPECIMEN NO. E-T81 SPECIMEN NO. H-T82 SPECP'EII  NO. R-7'83 SPECIMEN NO. B-T84 SPECIYEN SO. 
- I/ INDUCED CLAMP LOAD 
Newtons 1 (Pounds) '1 Newtons I ( P o u n d s )  Newtons 1 ( P o u n d s )  
CYCLE bl 1 CYCLE i l  CYCLE P I  







CYCLE #l j CYCLE ,*I 
6'50 i? 27 220 33 920 
1200 I T  1 53 320 1 1 ~ : h ~ ~  1 72 280 
1800 I T  94 080 21,150 97 540 






62  450 










5.240 11 24 510 I 5.510 
1200 I T  48 930 1l;OOO 50 800 
1800 I T  11 79 220 1 17,810 11 79 650 
2400 I T  113 910 25,610 118 550 
11;420 49 770 11;190 
17,910 I/ 77 650 1 17,463 
26,720 112 400 25,270 


















24 020 5.400 
49 060 11,030 
79 260 17,820 
114 800 25,810 
CYCLE I14 CYCLE 14 
21 840 4,910 
48 220 10,840 
76 110 17,110 
112 180 25,220 
11;230 48 790 10;970 
17,910 1 76 $20 1 17,180 
27,260 110 300 24.910 
II I U 
CYCLE #4 u CYCLE , I ,  
U I 
11 CYCLE #4 
600 I T  21 310 21 390 
1200 I T  (1 47 550 1 1:::;; 1 49 330 
1800 I T  74 370 16,720 78 330 
2400 I T  I12 OS3 25,190 115 030 
I I 
, CYCLE 115 
4,510 20 540 4,640 
10,650 .16 750 10,510 
16,810 74 460 16,740 
25,050 107 200 24,100 
CYCLE #5 
21 040 4.730 
I II 1 
CXI c ~ ~ l ,  
3" 
2400 I T  111 560 25,030 103 230 I 24,570 
CYCLE #lo CYm #lo CYCLE 1110 
600 I T  19 880 &,470 15 920 3,58O 18 580 4,200 
1203 IT 44 350 3,970 40 120 3,020 43 010 9 ,670  
1803 I T  59 833 15,701) 57 300 15,140 68  360 15,480 
2400 I T  LO3 550 23,280 102 753 23,100 109 700 22,640 
CYCLE #1 I CYCLE #11 1 CYCLE ill1 























600 I T  19 $80 15 550 
1200 IT  42 830 1 ~~~~~ 33 960 
18or) IT 55 633 14,980 63 430 
2403 I T  100 303 22,550 100 440 11 I 3,523 3,760 14,260 22,580 18 010 41 230 65 650 98 210 4,050 22,080 3,270 14,760 
I I I 
c y a g  # i 5  CYCLE #15 CYCLE C15 




 IT' denotes  i n s t a l l a t i o n  torque. 
- 21 Bolt-nut assembly t e s t e d  i n  Transducer C o n t r o l n  load c e l l .  
Indicator. 
T e n s i l e  clamp load determined frw RBI Strain  
608 
TABLE NO. XV F 16 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
1516.8 MN/m2 (220 KSI) S E R I E S  EXTERNAL WRENCHING HEAD 
H-11 STEEL BOLTS 
DESIGN C U Y P  LOAD: 120 990 N e w t o n s  ( 27,200 Pounds) TEST CONDITIOX: TORQUE FROM BOLT XEAD 
B o l t  P a r t  Y o . :  mc ~ 3 ~ 8 - 5 5  N u t  P a r i  No.: BAC NIOHR-8 
T h r e a d  Size: 11?-20 m n - 3 ~  N u t  H a t t r l a i :  ALLOY STEEL 
B o l t  Material: x-11 S T E ~  N u t  F i n i s h :  DRY FILM LUBE OVER CADMIUM PLATE 
B o l t  Finish: 
Bolt  S p t c l I i i d I L O : . .  BOEINC BPS-F-69 Hole s i z e :  12.827 arm ( 0.505 in.) 
CADMIUM FLUOBORATE PLATE p w  NAS 672 Washer P a r t  NO.:  MS 20002c8 h MS 20002-8 
67.79) 630 I T  32 380 I 7.280 11 29 000 I 6.520 
135.531 1200 
I T  I/ 65 030 I 14;620 // 56 670 I 12i740 203.37 I800 IT 91 010 20,460 80 420 18.080 271.16 2400  118 900 26.730 106 170 23.870 
298.281 2640 IT [I 126 320 I 
I II I 
28;400 11 117 650 I 26;450 
CYCLE $2 11 CYCLE 12 
67.79 6'30 I T  18 640 4,190 17 530 3,940 
135.58 1200 I T  37 500 1 8,430 :: 11; 1 7,270 203.37 1800 I T  59 020 13,270 49 550 11,140 271.16 2400 I T  85 800 19.290 85 980 19,330 298.28 2640 I T  97 320 21,880 21 62
CYCLE #4 CYCLE N4 
67.79 600 I T  17 210 3,870 14 540 3,270 
135.58 I200 IT 39 720 8,930 32 110 7,220 
203.37 1800 I T  59 830 13,450 53 950 12,130 
271.16 2400 I T  74 330 16,710 88 560 19,910 
298.28 2640 I T  85 360 19,190 96 970 21,800 
CYCLE 15 CYCLE 115 
I I 
67.79 600 I T  16 680 3,750 15 430 3,470 
135.58 1200 IT 37 230 8,370 31 490 7,080 
203.37 I800 I T  44 080 9,910 53 420 12,010 
271.16 2400 I T  GALLING 85 400 19,200 
298.28 2640 I T  95 010 21,360 
CYCLE 86 CYCLE 116 
67.79 600 I T  
135.58 1200 I T  
203.37 1800 I T  
271.16 2400 I T  -i 298.28 2640 IT 
67.79 600 IT 12 990 2,920 
135.58 1200 I T  28 160 6,330 
203.37 I800 IT 44 210 9,940 
271.16 2400 I T  71 430 16,060 
298.28 2640 I T  80 460 18,090 
CYCLE 111 C Y U E  #I1 
13 700 3,080 
135.58 1200 I T  27 980 6,290 
203.37 1800 I T  45 500 10,230 
271.16 2400 I T  71 480 16,070 
298.28 2640 I T  80 600 18,120 
67.79 600 I T  
CYCLE #I5 CYCLE PI5 
I I 
67.79 600 I T  12 850 2,890 
135.58 1200 I T  26 510 5,960 
203.37 1800 IT 42 570 9,570 
271.16 2400 IT 68 540 15,410 
298.28 2610 IT 75 570 16,990 
NOTES: 
1/ ' I T '  denotes  i n s t a l l a t i o n  torque. 
MP LOAD 
Newtons (Pounds) N e w t o n s  (Pounds) N e w t o n s  (PoundsL 
CYCLE #I I CYCLE #I 11 CYCLE 81 
I I I I/ I 
29 850 I 6.710 I 31 270 I 7.030 11 
56 450 12:690 58 580 13;170 
82 150 1 18,470 I 84 910 1 19,090 11 
08 090 24.300 111 640 25.100 
19 520 1 26;870 I 123 030 1 27;660 (1 
CYCLE 2'2 CYCLE 162 I/ CYCLE 112 
CYCLE 13 CYCLE 113 11 CYCLE 113 
I n I n I 
79 980 17,980 87 980 19,780 
90 690 20,390 98 430 22,130 
CYCLE 114 CYCLE #4 CYCLE #4 
I I I 
16 010 I 3.600 11 15 700 I 3.530 11 I 
:: ;i: I 71960 )I 33 850 1 7;610 1 12,53 55 070 12,380 79 400 17.850 79 530 17.880 I 
89 670 I 201160 1 88 430 1 I9;880 / 
CYCLE 1/5 CYCLE 115 
- Bolt-nut assembly t e s t e d  i n  Transducer Controls  load c e l l .  
Indicator .  
T e n s i l e  clamp lcad determined frm RBI S t r a i n  
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TABLE NO. L V  F i7 
WSULTS OF 15-FCI.E INSULL4TIQI TORQUE-TERSIm TESTS OF 
(220 K B X )  SQIIES IgXTEBNAL WBWCEING HEAD 11116.8 Malm 
H-11 STXEL BOLTS 
TXST WITION: TaQUE PRM NUT DESIGN CLAW LOAD: 191 710 Newton. ( 4 3 , 1 0 0  Pound.) 
noit parr N O . :  BAC ~ 3 m i m s 4  Nut Part No.: BAC NlOHRlO 
Thread S i z e :  5/8-18 U N J D - ~ A  Nut Material: ALLOY STEEL 
noit nateriril: H - L ~  STEEL Nut Finish: DRY FILM LUBE OVER CADMIIM PLATE 
noit  F i n i s h :  DIETUSED UICKK~-CAMIUM PLATE Washer Part No.: NS 20002c10 h MS 20002-10 
noit Specif icat ion:  BOEINC B P S - F - ~ ~  Hole Sire: 1 6 . 0 3  nrm ( 0 . 6 3 1  in.) 
I 
N m S  : 7'XT' denote0 i n s t a l l a t i o n  torque. 
11 Bolt-nut amsrmbly t e s t e d  in Transducer Controls  load c e l l .  
Indicator. 
T e n s i l e  clamp load determined from 8BI S t r a i n  - 
610 
TABLE NO. XV F 18 
BESOLTS OP 15-cIcLB IUSTALLATIOB TOBgae-TESIOB TESTS (1p 
1516.8 MUlm2 (220 KSI) SERIES mERNAL !4RKNcBnrC BBAD 
H-11 STEEL BOLTS 
TES'I CONDITION: 
Bolt Part NO. : BAC 33O.XTloT54 
Tcwgne Pg(z1 BOLT HEAD 
Thread S i z e :  5/8-18 mm-3~ 
Bolt Material: 11-11 STEEL 
Bolt Finish: DIFFUSED NICKEL-CAWIUM U T E  
Bolt SpecificatLon: BOZING BPS-F-69 
DESIGN Mw LMD: 191 710 Newtons ( 43,100 Pounds) 
Nut Part No.: BAC NlOHP.10 
Nut Material: ALLOY STEEL 
Nut Finish: DRY FILM LUBE OVER CAWW PLATE 
Washer Part NO.:  MS 20002c10 h MS 20002-10 
Hole Size: 16.03 m ( 0.631 i n . )  
108.47 960IT 43 500 9,780 
203.37 1800IT 90 340 20,310 
271.16 2400IT 120 630 27,120 
406.75 3600IT 190 510 42,830 













108.47 9601T 17 970 4.040 
203,37 1800IT 41 810 9,400 
271.16 24WIT 60 850 13,680 
406.75 36WIT 98 120 21,060 
IT 
CYCLE 15  
1 
C Y a E  #10 
I T  
I I, 
I CYCLE 111 I I "  ' 
108.47 9601T 15 030 3,380 
271.16 24001T 51 200  11,510 
406.75 36001T 82 070 18,450 
203.371 1800:: / /  36 560 I 8,220 
Newtons 1 (Pound.; 
--=?-- 
54 490 I 12.250 
101 640 22;850 
133 750 30,070 
190 770 42,890 
CYUE 
31 710 7,130 
73 790 16,590 
93 100 20,930 
140 420 31,570 
CYCLE #5 
T 
67 430 15;160 
89 630 20,150 
134 730 30,290 
I
CYUE #6  
26 020 5,850 
53 360 13,120 
83 760 18,830 
130 860 29,420 
53 780 12;090 
77 750 17,480 
123 030 27,660 
CYUE t15 
I 
SPECIPlEN NO. 8 4 9 6  SPEC- NO. E437 SPECMEN NO. E-T98 
94 650 [ 211280 I 95 010 1 iii36: I 95 810 [ 21i540 I 
127 840 28,740 124 720 128 010 28,780 
192 730 43,330 184 410 41,460 191 490 43,050 
I I 8 I 
CYCLE 12 CYCLE #2 n C Y U E  #2 
39 900 8.970 37 540 8.440 41 940 9.430 
81 980 lei430 74 990 16;860 84 290 18;950 
110 440 
168 400 37,860 158 530 173 830 39,080 1 24,830 I 105 200 1 i265: 1 113 740 1 25,570 1 
C Y a E  #4 CYCLE% 
U I A I 
I H I I 
m 15 ! CYUE #5 1 CYCLE #5 " 
29 760 I 6,690 1 27 930 1 6,280 
64 180 14,430 60 490 13,600 
89 180 20,050 83 800 18,840 
139 400 31,340 132 110 29,700 
24 950 I 5,610 1 23 170 I 5,210 I 21 8001 4.900 I 
55 380 12,450 51 550 11,590 47 640 10,710 
77 220 17.360 7 1  350 16.040 67 340 15.140 
124 010 I 27;880 114 580 25;760 106 350 23;910 
I I I 
CYCLE 111 CYCLE 111 CYUE 111 
23 710 I 5,330 I 22 150 1 4,980 I 21 040 I 4,730 I 
52 750 11,860 52 130 11,720 46 170 10,380 
74 770 16.810 72 950 16,400 64 140 14,420 
120 410 27,070 1 1 7  120 26,330 103 190 23,200 
I II I II I 
I II I n I 
CYCLE #15 11 CYCLE 115 C Y U E  115 
21 530 GALLING 
NOTES : I/ 'IT' denotes instal lat ion torque. 
21 Bolt-nut asiembly tested 14 Transducer Controls load ce l l .  Tensile clamp lMd determined fra0 RBI Strain - 
Indicator. 
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TABLE NO. XV F 19 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
1516.8 MN/m2 (220 KSI) SERIES EXTERNAL WRENCHING H W  
H-11 STEEL BOLTS 
DESIGN CLAW LOAD: 278 310 Newton. ( 62,570 Pounds) TKST COI(DITI0N: TORQUE FRCN NLPr 
Bol t  P a r t  No. : wc B3M12-38 Nut P a r t  No. : BAC NIOHR-12 
I h r e a d  Size: 3/4-16 LINJF-SA Nut Material: ~ L L O Y  STEEL 
Bolt  M a t e r i a l :  w-11 S T E ~  
Bolt F i n i s h :  c\wIuH FLUOBORATE PLATE PER NAS 672 
Bolt S p e c i f i c a t i o n :  BOEING BPS-F-49 Hole Size: 19,202 arm ( 0.755 i n . )  
Nut Finish: DQY FIL! LWE OVER CAINIUM PLATE 
Washer Part No.: MS 20002C12 h HS 20'3'32-12 
135.58 1200 IT 
171.16 2400 I T  
$06.75 I 3600 I T  
542.33 4800 IT 
779.60 6900 I T  + 
135.58 1200 IT 
271.16 2400 I T  
406.75 3600 I T  
542.33 4800 I T  
779.60 6900 I T  
135.58 1200 IT 
271.16 2400 IT 
406.75 3600 IT 
13S.58 1200 IT 
271.16 2400 I T  
406.75 3600 IT 
542.33 4800 I T  
779.60 69M) IT 
135.58 I 1200 IT 
271.16 2400 IT 
406.75 3600 I T  
542.33 I 4800 I T  
406.75 3600 I T  
542.33 4 8 0 0 I T '  
779.60 I 6900 IT 
135.58 I IZOO IT 
tPECMW NO. 8 4 9 9  SPECIMEN N0.E-TI00 SPECIMEN N0.H-I101 SPECIMEN NO. E-TI02 SPECIMEN N0.H-T1O3 
NWJCED CtAELP LOAD 
:: E I 5,700 I 16 860 I 3,790 1 28 420 I 6,390 1 20 510 1 4,610 11 69 46 040 10,350 59 960 13,480 50 260 11,300 
79 090 17.780 78 150 17.570 97 770 21.980 81 260 18,270 
I N 1 7 1  920 I 38.650 
14 $10 3,240 GALLING 15 520 3,490 SALLING 
39 850 a,960 I ~ T H  CYCE 41 720 9,380 15TH CYC.E 
67 520 15,180 59 920 15,720 
94 390 21,220 101 280 22,770 
150 560 33,850 1 4 5  330 37,170 
T I I T *  denotes  i n m t a l l a t i o n  torque .  z/ Bolt-nut a ~ e m b l y  t e s t e d  in Transducer  Cont ro ls  load cell. 
I n d i c a t o r .  
T e n s i l e  clamp lcnd  detcnnincd frm RBI Strain 
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TABLE NO. XV F 20 
1200 II 
2400 I T  
3600 I T  
4800 I T  
7260 I T  
RESULTS OF 15-CYCLE INSTALLATIOW TORQUE-TENSION TESTS OF 
1516.8 MN/m2 (27.0 KSI) SERIES EXTERNAL WRENCHING H U D  
H-11 STEgL BOLTS 
CYCLE 114 CYCLE f.4 CYCLE IF4 CYCLE 114 CYCLE 1)4 
1 7  440 3,920 15 260 3.430 15 170 3,410 16 060 3.610 14 460 3,250 
37 630 8,460 34 560 7,770 31 000 6,970 38 880 8,740 35 270 7,930 
82 150 18,470 63 160 14,200 57 250 12,870 70 810 15,920 60 670 13,640 
125 430 28,200 96 570 -1,710 88 570 19,890 100 700 22,6401 50 920 20,.+40 
199 980 44,960 160 530 36,090 166 270 37,380 179 170 40,280 '  170 890 , 38,420 
CYCLE 15 CYCLE 85 CYCLE N5 . CYCLE 'J5 1 CYCLE I , >  
TXST CONDITION: TORQUE FRM BOLT HEAD 
Bolt Part NO. : BAC B3W12-38 
1200 I T  
2400 IT 
3600 I T  
4800 I T  
7260 I T  
DESIGN CLAMP LOAD: 278 310 Nevtons ( 62,570 Founds) 
Nut Part No.: BAC NlOHR-12 
14 010 3,150 14 590 3,280 15 610 3,510 15 750 1 
39 360 8,850 32 250 7,250 32 250 7,250 38 080 :," ii: 1 
75 970 17,080 60 090 13,510 56 220 12,640 67 520 15,180 58 580 13,170 
115 690 26,010 84 650 19,030 86 870 19,530 97 280 21,870 85 760 19,280 
195 890 44,040 168 450 37.870 178 680 40.170 176 810 19:7>0 ~ 16G 130 
Thread Size: 3/4-16 uNJF-3A Nut Mater ie l :  ALLOY STEEL 
Bolt y a t e r i a l :  H-11 STEEL Nut F i n i s h :  DRY FILM LUBE OVER CADMIUMYLATE 
Balt Finish:  CADKIM FLUOBORATE PLAT4 PER NAS 672 Washer Part No.: MS 20002C12 & HS 20002-12 
Bolt Specif icat ion:  BOEING BPS-F-69 Hole Size: 19.202 m (0 .756  i i  ) 
1200 I T  
2400 I T  
3600 I T  
4800 IT 
7260 I T  
1200 IT 
2400 I T  
3600 I T  
4800 I T  
7260 I T  
1200 I T  
2400 I T  
3600 IT 
4800 I T  
















































14 320 3,220 14 680 3,300 1 3  520 3,040 15 750 3,540 14 460 3,250 
39 720 8,930 33 400 7,510 28 820 6,480 37 450 1 8,420 34 160 1 7,680 
72 680 16,340 55 780 12,540 49 460 11,120 65 340 14 650 59 650 13,410 
105 550 23,730 87 000 19,560 78 820 17,720 96 520 21,700 84 780 19 060 
177 650 39,940 160 220 36,020 173 070 38.910 ~ 174 050 39 131) 166 310 371390 
C Y U E  #IO CYCLE 110 CYCLE b10 CPCLE 1110 CYCLE <ti0 ? 
14 230 3,200 13 080 2,940 11 920 2,680 13 920 3,130 13 610 3,060 
36 340 8,170 33 940 7,630 32 380 7,280 35 980 8,090 33 &SO 7,520 
67 920 15,270 55 240 12,420 52 660 11,840 62 580 14,070 57 510 12,930 
99 810 22 440 84 380 18,970 76 990 1 7  310 9 1  270 20,520 83 710 18,820 
169 250 1 38:050 153 060 34,410 179 030 1 40:250 166 180 37,360 169 780 38,170 
CYCLE (11 CYUE #11 CYCLE #11 CYCLE #I1 CYCLE (111 
13 480 3,030 21 810 2,880 11 560 2,600 12 810 2,880 CALLING 
34 920 7,850 33 360 7,500 32 690 7,350 34 830 7,830 11TH CYC.E 
66 320 14,910 53 640 12,060 51 950 11,680 61 560 13,840 
98 300 22,100 81 350 18,290 76 820 17,270 88 290 19,850 
163 640 36,790 148 870 33,470 174 850 39,310 163 820 36,830 - 
CYCLE 015 miiL i.15 CYCLE #I> CYCLE #15 
2400 I T  42 210 9,490 43 100 9;690 40 390 91080 
3600 I T  70 230 15,790 72 950 16,400 65 250 14,670 75 350 16,940 72 860 16,380 
7260 I T  194 640 43,760 186 640 41,960 157 410 35.390 203 450 45.740 157 180 44.330 
4800 IT 111 070 24,970 110 530 24,850 93 630 21,050 113 820 25,590 104 930 23,590 
CYCLE N3 CYCLE e3 CYCLE (13 I CYCLE "3 CYCLE '13 
I I I n 1 1 
I I  I I1 1 1 1 r 
1200 I T  
2600 I T  
4800 TT 
7260 I T  
3600 IT 
12 410 2,790 11 740 2,640 11 250 2,530 12 320 2,770 
33 890 7,620 32 380 7,280 31 760 7,140 35 140 7.900 
97 140 21,840 81  620 18 350 75 840 17,050 84 330 18,960 
161 120 36,220 147 940 33,260 168 450 37,870 160 440 36.070. 
63 610 14,300 - 3  820 i?.,ioo 50 440 11,360 59 ii20 13,210 
Ik CYCLE 16 11 CYCLE06 11 CYCLE 06 I( CYCLE GYP. E " 6  
NOTES : 
2/ 
' IT' denotes i n a t a l l a t i o n  torque. 
Bolt-nut asaembly t e s t ed  i n  Tranadueer Control0 load c e l l .  
Indicator .  
Tensile clamp load determined from RBI S t ra in  - 
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TMLE NO. XV F 21 
RESLLTS OF 15-CYCLE INSTALLATION TORQUE-TEIISION TESTS OF 
1516.8 KN/m2 (220  KSI) SERIES mFXNAL WRENCHING HEAD 






TEST CCNDITION: TORQUE FRLN NUT DESIGN CLAMP LOAD: 278 310 Newton8 ( 62,570 Pounds) 
Bolt Part No. : aaC B3aQ12T60 Nut Part No.: BAC NlOIIR-12 
Thread Size: 3/4-16 UNJF-SA Nut Material: ALLOY STEEL 
Bolt Material: H - 1 1  STEEL Nut Finish:  DRY FILM LUBE OVER OIDKIUM PLATE 
Bolt Finish: DIFFUSED NICKEL-CADMIUM PLATE Washer Part NO.: hlS 20002212 h MS 20002-12 
Bolt Specif icet ion:  BOEING BPS-F-69 Hole Size: 19.202 nm ( 0.756 i n . )  
l2OOIT 32 160 7,230 20 550 4,620 19 260 4,330 29 800 6,700 32 960 7,410 
2400 I T  70 590 15,870 50 400 11,330 46 570 10,470 66 360 14,920 71 430 16,060 
3503IT 115 960 26,070 32 150 18,470 73 790 16,590 106 080 23,850 109 950 24,720 
4809IT 165 470 37,200 124 050 27,890 108 310 24,350 149 760 33,670 156 440 35,170 
672OIT 247 000 55,530 230 940 51,920 203 410 45,730 221 870 49,880 238 680 53,660 
271.16 24QOIT 94 430 21,230 86 200 19,380 92 960 20,900 88 I10 19,810 94 120 21,160 
406.75 360011 140 330 31,550 130 730 29,390 133 930 30,110 128 410 28,870 137 580 30,930 
542.33 4800 I T  186 370 41,903 170 360 38,300 177 250 39,850 178 990 40,240 187 170 42,080 
759.26 6720 I T  276 090 52,070 260 210 58,500 271 190 60,970 263 230 59,180 I 277 690 62,430 






1200IT 24 460 5,500 19 300 4,340 19 620 4,410 20 590 4,630 
24001T 53 203 11,380 50 620 11.380 48 170 9,930 48 170 10,830 
3503IT 88 630 19,940 89 720 20,170 7 1  390 16,050 79 530 17,880 
48OOIT 124 010 27,880 125 660 28,250 106 040 23,840 116 090 26,100 
6720IT 189 930 42,700 184 550 41,490 164 000 36,870 181 340 40,770 
CYCLE (15 CYCLE #15 CYCLE #15 CYCLE X15 . CYCLE 115 
I 542.33 1 4800 ;i 






I 55 330 1 /I 55 430 14;710 12;670 I 45 680 1 10;270 
103 390 23.380 36 200 19,380 72 550 16,310 
146 520 32,940 130 590 29,360 109 020 24,510 
224 540 50,480 208 340 46,840 192 150 43,200 
CYCLE #5 CYCLE 15 CYCLE x5 
1203IT 25 133 5,650 GALLING 19 620 4,410 19 130 4,300 
2400IT 54 130 12,170 15TH 2YC.E 44 970 10,110 45 770 10,290 
36001T 88 203 19,830 70 680 15,840 74 060 16,650 
4 8 0 0 1 ~  124 100 27,900 103 910 23,360 110 620 24,870 
6720IT 194 110 43,640 160 040 35,980 1 7 1  830 38,630. 
20 910 I 4,700 11 18 460 I 4,150 11 t: % I 1::;:; 11 50 340 11.250 $5 100 10.140 
39 850 22;450 86 510 19;450 
141 940 31,910 134 290 30,190 
216 460 h8.663 196 470 44,170 
11 CYCLE #6 11 CYCLE #6 1 CYCLE #6 1 135.531 1203IT 11 27 220 1 6,120 I 20 420 I 4,590 19 530 1 4,390 
271.16 2403IT 58 890 13.240 50 520 11,380 46 353 10,420 
405.75 35001T 96 790 21.760 89 180 20.050 76 550 17.210 
542.33 4800IT 139 440 31;350 129 660 29'150 117  380 261390 
759.26 5720IT 192 290 I 43:230 11 188 7301 42,430 205 880 I 46,510 
CYCLE #lo mi3 I10 
I 
I 135.58 I 1200 IT , , 11 25 040 I 5.630 11 19 040 I 4,280 11 18 370 I 4,130 271.16 2400IT 53 020 11,920 49 190 11,050 44 790 10,070 406.75 33051T 89 270 20.070 87 000 19.560 72 810 16.370 542.33 4800 I T  127 570 28.650 123 570 271780 110 130 24.760 
192 550 I 431290 )I 175 070 I 39,360 169 690 1 38:150 
CYCLE 111 1 CYCLE #11 CYCLE #ll 
I II I I 
60 720 13;650 
99 680 22,410 
140 250 31.530 
216 620 I 48;700 
CYCLE #5 
21 480 4,830 -7- 52 130 11.720 
CYCLE #6 CYCLE #6 1 
26;530 I 1 118 0101 
184 900 41.570 
CYCLE ill CYCLE 111 
NOTES : 
- 21  
' IT' denotes in s t a l l a t ion  torque. 
Bolt-nut asiembly tes ted i n  Traniducer Control8 1Md cell. 
Indicator. 
Tensile c l a q  load determined frm RBI St ra in  
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TABLE NO. XV F 22 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSIOW TESTS OF 
(220 KSI) SERIES EXTERNAL WRENCHING HEAD 1516.8 MN/d 
H-11 STEEL BOLTS 
0 
TKST C W I T I O N :  
B o l t  P a r t  No.  : BAC B30Kr12T60 
Thread  S i z e :  3/4-16 UNJF-U 
TORQUB FllM BOLT W DESIGN CLAMP LMD: 278 310 Newtons ( 62,570 Pounds) 
Nut P a r t  No.: BAC NlOHR-12 
Nut M a t e r i a l :  ALLOY STEEL 
B o l t  M a t e r i a l :  11-11 ST&& Nut Finish: DRY FILM LUBE OVER CADMIUM PLATE 
Bolt F i n i s h :  DIFFUSED NICKEL-C4DMIUM PLATE Washer P a r t  No. : PIS 20002C12 6. MS 20002-12 



















































i l  
( i n - l b f )  
7 
1200 I T  
2400 IT 
3600 I T  
4800 I T  
6900 I T  
1200 I T  
2400 I T  
3600 I T  
4800 I T  
6900 I T  
1200 I T  
2400 IT 
3600 I T  
4800 IT 
6900 I T  
1200 I T  
2400 IT 
3600 I T  
4800 I T  
6900 IT -
1200 I T  
2400 I T  
3600 I T  
4800 I T  
6900 I T  
1200 I T  
2400 I T  
3600 I T  
4800 I T  
6900 I T  





1200 I T  
2100 I T  
3600 IT 
4800 IT 
6900 I T  
7 
1200 I T  
2400 I T  
3600 I T  
4800 IT 
6900 IT 
INDUCED CLAMP LOAD 
Newtons 1 (Pounds'  - 
CYCLE 81 
47 420 10,660 
97 680 21,960 
140 470 31.580 
26 290 I 5.910 
58 180 13;080 
101 330 22,780 
136 200 30.620 
217 280 I 48;850 
CYCLE #3 
20 640 4,640 
50 400 11,330 
80 200 18,030 
118 050 26,540 
196 420 44,160 
CYCLE it4 v
22 600 I 5.080 
41 680 9;370 
75 750 17,030 
108 180 24.320 





159 770 I 35,920 
15 120 I 3,400 I 14 370 1 3,230 I CALLING 1 I 16 0601 3,610 
34 830 7,830 37 140 8,350 7 ~ f i  c y m  33 270 7,480 
54 890 12,340 65 470 14,720 57 160 12,850 
88 380 19,870 87 850 19,750 98 300 22,100 
163 550 36,770 172 940 38,880 1-1  a7n 7fi ?an 
14 950 3,360 14 990 3,370 15 480 3,480 
34 210 7,690 37 360 8,400 32 470 7,300 
52 400 11,780 63 300 14,230 55 380 12,450 
84 290 18,950 85 980 19,330 92 120 20,710 
160 970 36,190 168 850 37,960 159 640 35,890 
CYCLE V15 CYCLE V15 CYCLE #15 CYCLE #15 
15 480 3,480 14 900 3,350 GALLING 
34 030 7,650 36 740 8,260 15TH CYCLE 
52 220 11,740 61 690 13,870 
86 290 19,400 88 780 19.960 
165 690 37,250 
NOTES. T' ' I T '  d e n o t e 8  i n s t a l l a t i o n  t o r q u e .  
21 Bol t -nut  a s s e m b l y  t e s t e d  i n  T r a n s d u c e r  Cont ro l .  l M d  c e l l .  T e n s i l e  clamp load d e t e r m i n e d  from RBI S t r a i n  
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TABLE N O , X V I  c 
RESULTS OF DOUBLE SHEAR STRENGTH TESTS OF EWBF26 SERIES 
NINE-SPLINE DRIVE EXTERNAL WRENCHING STEEL 1792.6 MN/m2 
(260 KSI) BOLTS 
-- -_.-+-.- rc I _-  _. - -_ .------.-- -.-I-, --w- -- - - - -- ---.I_- r- ----- -------- 
I I --i- Spev- ~ t mmLE S W  pI"Gt" SHEAR s 












, 1/2-20 12.64710.4979 275 780 62,000 i lCJY/.b 
I " 12.649: .4980 279 7801 62,900 t 1113.5 
i I J I 1 3/4-16 18.97110.7469 608 930: 136,900 1077.0 





- 1/ Nine spline drive external wrenching tenetoa bolt fabricated from AMs6487 a l l a y  
Bolts confonn t o  S 
- 2/ Double ahear t e s t s  Performed On bolts previously subjected t o  tenel le  strength eva 
3/ Minimum double shear load requirement per Table VI 
furnished with vacuum cedmim per MIL-C-8837, Type I, c laas  2. 
Standard EWBF 26. 
t e s t s .  
Spec, SPS-B-280 noted aa f d l  
























































































































































































































































































































































































































































TABLE; NO,, XVI E 
RESULTS OF ELONGATION AND REDUCTION OF AREA TESTS 









- -  - 






1 4 . 5  
19 .2  
1 5 . 5  
18.3 
I 
_ _ _  _. . .-. - 
4r .4 
4 1 . 5  
40.9 
36 .5  
- l/ Test specimen incorporating reduced gage sec t ion  machined i n  
bolt  shank area from nine sp l ine  drive external  wrenching bol ts  
fabricated from AMs6487 a l l o y  steel  conforming to  SPS Standard 
EWBF 26.  - 21 Evaluation tests performed on reduced gage eec t ion  b o l t  epacimene 
noted f n  Table 
620 
IABLE NO. XVI F 1 
EZSllLTS OF 15-CYCLE INSTALLATICN TORQUB-TENSION TESTS OF 
EUBF26 SERIES NINE-SPLINE DRIVE EXTERNAL WRENCHING 
STEEL BOLTS 
29 670 6.670 24 550 5 .520  22 159 4.980 26 950 5.050 23 490 
ILSZ CIXDIIION: TORQUE FRM NkT DESIGN cLM(p LOAD: 146 340 Newton8 ( 32,900 Pound#) 
Bolt Part No, : EvBF26-8-66 Nut Part No. : E m 2 6 - 8 2 0  
Ihhrrad Size:  1/2-20  NS-JA N u t  Material: AM6322 STEEL 
noli Usterl.1: An56487 ALLOY STEEL N u t  F i n i s h :  CADMIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Finish: VACUUM WXIUW PLATE PER MIL-C-8837 Uaaher Pert NO.: MS 20002C8 6 !4S 20302-8 
8olt Speclficacron. SPS-B-28’3 ~ o i e  sire: 12.827 m ( 0.505 in.) 
5.260 
67.791 600 IT  I 34 520 I 7,760 20 370 1 4,580 1 24 559 I 5.525 27 130 1 6.100 I 28 789 1 6.470 
135.58 I200 11 66 140 14.870 41  500 10,680 51 110 11,490 57 BO 12,880 60 490 13.600 
203.37 1800 11 113 070 21.420 75 390 16,950 84 380 18.970 9 2  250 20,740 9 3  LOO 20.93Q 
259.87 2300 11 146 130 32,920 1 M  080 23,600 110 310 24,800 121 569 27,330 120 720 27.160 
57.79 
I II I U I U I 1 I I 
I I CYCLE# I CYCLE(4 1 CYCLE U4 I CYCLE #4 CYCLE #4 
I I I 11 I I 
CYCLE 6 CYCLE 86 CYCLE C6 CYCLE #6 CYCLE #6 
500 IT ‘ 36 340 I E 170 25 800 I 5.809 23 570 I 5 .371  1 23 441 I 5.270 2 4 x  
67.79) 600 11 I 38 480 1 8,650 26 470 5,950 I 20 590 I 4,630 
1 3 5 . 9  1200 IT 86 020 19,340 50 310 11,310 44 750 10,041 
203.37 1800 I1 124 230 27,930 70 060 17,550 70 990 15.960 
259.87 2300 I1 151 680 34,100 102 930 23,140 9 5  850 21,550 
135.58 1200 ;r 63 210 14:210 48 790 10:970 47 820  10;750 
203.171 1800 
IT 11 94 250 I 21,190 11 76 110 I 17,110 11 76 550 1 17,210 1 i t ;L: I 259.87 2300 I T  144 030 32.830 10’3 48’3 22,590 100 520 22.673 113 380 
135.581 1200 IT 11 76 050 I 1;:lOO 11 ; ;;; I 1l:OSO 11 48 220 1 10;849 I 50 137 I 11.270 
16,090 75 700 17,020 81 40’3 18,300 
259.87 2300 I T  140 070 31,490 97 410 21,900 78 753 22,207 107 460 24,160 
203.37 1800 I T  112 989 25,400 
67.79 600 IT GALLING GALLING 
135.58 1200 IT 15th  3YCLI: ISTH CYCLE 
203.37 1800 IT 
257.87 2300 IT 
Wns: 
‘IT‘ denote. in8t.lhtion torque. 
Bolt-nut a s r m b l g  tested in Iransducer C o n t r o l s  load cell. 
Indicator. 
11 T e n s i l e  clamp laad determined frm RBI Strain - 
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TABLE NO. XVI F 2 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
EjmF26 SERIES NINE-SPLINE DRIVE mERNAL WRENCHING 
STEEL BOLTS 
TEST CONDITION: TOX?UE ? R M  BOLT HEAD DESIGN CLAW LOAD: 146 340 N e w o n i  ( 32,900 Pounds) 
Bolt Par t  NO.: E3%F26-8-55 Nut Part No. : EWNF26-820 
Thread S i r e :  112-?0 XS-3.4 Nut Uacerial: AMs6322 STEEL 
Bolt Mater is l :  A!!S6487 ALLOY STEEL Nut F i n i s h :  CADMIUM PLATE, QQ-P-416, TYPE 11, CLASS 3 
Bolt Finish: VACLRM CADMIUM PLATE PEil MLL-C-8837 Washer Part No.: MS 20002C8 & MS 20002-8 
Bolt Specification: SPS-B-280 Hole Sire: 12.827 m ( 0.505 in.) 
I 
l /  
:in-lbf) 
600 I T  
1200 I T  
1800 I T  
2400 I T  
600 I T  
1200 I T  
1800 I T  
2400 I T  
600 IT 
1200 I T  
1800 I T  




2400 I T  
600 IT  
1200 I T  
1800 I T  
2100 I T  
600 I T  
1200 I T  
1800 I T  
2100 IT  
600 IT 
1200 I T  
1800 I T  
2400 IT 
IT  
I T  
I T  
I T  
I T  
I T  
I T  
I T  
IT  
I T  
I I II I 
SPECMEN NO. G T 6  SPEC- NO. G-'I7 SPECIMN NO. G-T8 SPECMEN NO. GT9 SPECR4EN NO. G-110 
INDUCED CLAW LOAD 
48 710 10,950 45 680 10,270 41 060 9,231 
93 940 1 21,120 I 70 950 1 15,950 1 75 350 I 16,941 
119 700 26,910 88 110 19,810 112 450 25,281 
146 920 33,030 110 670 24,880 145 230 32,651 
I I I 1 I I 
CYCLE C2 f CYCLE C2 I CYCLE #2 CYCLE C2 
33 180 7.460 31 940 7.180 18 330 4.120 29 940 6.731 
16.030 87 140 19;590 49 730 11i l80 65 650 14i76' 
1:; 2,": I 24:390 I 1 2 7  970 1 28,770 1 77 970 I U:;5: I 106 170 1 23,871 
149 100 33,520 161 860 36,390 118 940 142 780 32,101 
I I I I I 
CYCLE 13 CYCLE #3 I CYCLE 1 3  CYCLE C3 
24 780 5.570 23 840 5.360 19 620 4.410 25 710 5.781 
53 820 12;lDO 58 090 13;060 46 530 10;460 56 270 12;65! 
85 570 1 19,260 1 97 940 I 22,020 72 320 I 16,260 I 89 400 1 20,lM 
117 340 26,380 116 090 26,100 110 710 24,890 121 120 27,231 
48 20 910 75 1 b::7: 1 19 660 1 4,420 I 18 640 1 ::;I: 
55 820 12,550 38 700 
79 090 17,780 87 050 19,570 64 850 14,580 
110 530 24,850 104 570 23,510 102 840 23,120 
I I1 I I1 I U I 
C Y a E  #5 11 CYCLE 1.5 u C Y a E C 5  n CYCLE ry5 
21 530 
I I I U I 
CYCLE e 11 CYCLE C6 11 CYCLE f 6  CYCLE W 
I II I U I I 
C Y a  c10 II CYCLE A 0  1 CYCLE #10 I CiraE #10 
37 720 8,480 
96 340 21.660 
70 7201 M , ~ ( M  I
CYCLE C3 
19 840 4,460 
44 610 10,030 
110 090 24,750 




C Y a E  #11 
CYCLE 115 
NOTES. 
T . * I T t  d e n o t e s  i n s t a l l n t i o n  t o r q u e .  z/ Bol t -nut  ariembly t e s t e d  in T r n n s d u c e r  C o n t r o l s  l o a d  cell. 
I n d i c a t o r .  
T e n s i l e  clnmp load determined  frcia BBI S t r a i n  
622 
TABLE NO. XVI F 3 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSIOU TESTS OF 
EWBF26 S E R I E S  N I N E - S P L I N E  DRIVE EXTERNAL WRENCHING 
STEEL BOLTS 
IT 
I T  
IT 
IT 
TasT CQmITION: TORQUE FRW. NLT DESIGN CLAW LOAD: 3 3 8  050 N e w t o n s  ( 7 4 , W l  P o u n d n )  
Bolt P a r t  N o .  : EuBF26-12-88 N u t  Part N o . :  &?TF24-1216 
Thread Size: 3/4-16 XS-3A N u t  M a t e r i a l :  A Y S 6 3 2 2  STEEL 
B o l t  naterlal:  AYS 4487 ALLOY STEEL Nut Finish: C A D Y I M  PLATE, CQOP-416, TYPE 11, CLASS 3 
Bolt Finish: VACUW CADMIlM PLATE PER ?nL-C-8'337 Washer Part N O . :  MS 20002C12 h YS 20002-12 
Bolt Specification. S P S - 8 - 2 8 0  nolr S i r e :  19 202 m ( 0 - 5 6  in.) 
13TH CYCLE 
NurEs: 
I/ 'IT' dsnotea instal lat ion torque. 
zl Bolt-nut a.sembly tented in T r a n s d u c e r  C o n t r o l s  l o a d  c e l l .  
Indicator. 
Tensile clamp load determined from 881 S t r a i n  
623 
TABLE no. XVI P 4 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
EjlBF26 SERIES SINE-SPLINE DRIVE EXTERNAL WRENCHING 
STE€L BOLTS 
TEST CONDITION: TORQUI. EPW BOLT HEAD DESIGN - LOAD: 338 050 Newton0 ( 76,000 Pound*) 
Bolt Part No. : EKBF26-12-88 Nut Part No. : EWNF26-1216 
Thread Size: 3/4-16 NS-SA Nut Material: AMs6322 STEEL 
Bolt Material: AE(s 6487 ALLOY STEEL Nut F i n i s h :  CAMIUM PLATE, E-P-416, TYPE 11, CLASS 3 
Bolt F i n i s h :  VA-3JUU cAD\IIUM PLATE PER MIL-C-8837 Washer Part No.: MS 20002c12 &.a 20002-12 
Bolt Specif icat ion:  SPS-B-280 Hole Size: 19.202 rm ( 0.756 i n . )  
SPECIMEN NO. G-116 SPECMEN NO. GT17 SPECIMEN NO. GT18 SPECIMEN NO. G-TI9 SPEC- NO. G-T20 
INDUCED CLAXP LOAD 
135 58 I200 I T  45 503 10,230 50 480 11,350 
~~~~~~ 1;;:: : 11 1:'3 :;: 1 ::::7: 11 106 60 400 31 123,920 36 040 /I 112 ?; :kt 760 1 1 ~ ~ ~ ~ ~  25,350 
542.33 4800 I T  195 980 44.060 214 660 48.260 179 120 40.270 
813.49 7200 IT 303 130 1 68;150 318 610 I71;630 280 670 I 63:lOO 
CYCLE #6 CYCLE 66 CYCLE #6 
135.55 1200 IT  39 810 8,950 45 730 10,280 35 720 8,030 
606.75 3600 I T  133 2b0 29,960 150 550 33,870 109 550 24,630 
542.33 4800 11 183 920 41,350 205 100 46,110 169 020 38,000 
813.49 7200 I T  284 090 63.870 309 000 69,470 268 930 60,460 
271.16 2400 IT 86 830 19,520 95 540 21,480 66 450 14,940 
CYCLE 110 CTCu 110 CYCLE 110 
I 542.33 4800 I T  15.3 480 35;630 913.49 7200 IT 232 590 I 52,290 
CYCLE 111 CYCLE #I1 CYCLE #I1 
135.58 1200 IT 35 670 9.020 
271.16 2400 161930 
506.75 13600 E 11 1; % I 26,470 )I 
542.33 4800 158 350 35.600 1 11 1 - 
1 CYCLE #15 
I , - ~ -  
~~ 
913.49 17200 I T  11 242 120 I 54,500 11 
11 CYCLE 115 11 CYCLE #I5 
I 135.58 1200 I T  GALLING 271.16 2400 IT 14TH CYCL 106.75 3600 I T  542.33 4300 I T  313.49 7200 IT 
CYCLE #l CYCLE X1 
61 200 13,760 63 920 14,370 
122 360 27,510 117 200 26,350 
164 150 36,900 170 310 38,290 
215 590 48,470 223 160 50,170 
317 590 71,400 333 070 74,880 
CYCLE #2 I CYCLE 82 
I 1 1 
49 730 11 180 48 750 10 960 
106 040 I 23I840 1 98 790 I 22I210 
CYCLE #3 11 CYCLE V3 
I II 1 
47 640 10 710 43 150 9,700 
92 300 I 20:750 I 92 700 I 20.840 
CYCLE #4 
41 630 9.360 41 320 9.290 
19;870 89 050 20;020 
1;: 1 30,350 1 132 370 I 29,760 
186 820 42.000 181 570 40.820 
289 740 I 65;140 283 920 1 63:830 
I i 
CYCLE Y5 I CYCLE X5 
CYCLE W CYCLE 16 
39 450 8.870 36 830 8.280 
19;530 80 380 l8;070 
1;; % 1 29,750 1 121 560 I 27,330 
181 340 40.770 165 290 37.160 
GALLING 
NUTES : I' I T '  d e n o t e s  i n s t a l l a t i o n  t o r q u e .  
21  Bolt-nut m i e m b l y  t e s t e d  i n  T r a n a d u c e r  C o n t r o l s  l o a d  c e l l .  T e n s i l e  clamp b a d  determined  tran BBI S t r a i n  - 







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE MO mx c 
RESULTS OF' DOUBLE SHEAR STRENGTH TESTS OF EXTERNAL 




9.479 I 1  
! 
! 
0.2478 I 31 670 I 7120 




86 290 j 19,400 i 














N W B  t - 1/ Experimental external  wrenching head-bolt fabricated from 5A1-2.5 SN (ELI) titanium 
2/ Double shear t e s t e  performed on b o l t 6  previously subjected t o  t e n s i l e  atrength 
alloy with bare f i n i s h .  Test b o l t s  supplied by NASA. 





































































































































































































































































































































































































































































































J - S 8  
.----- - -. 
NOTES + -
TABLE NO,  XVII E 
RESILTS OF ELONGATION AND REDUCTIOBi DF-AREA TESTS 
OF REDUCED GAGE SECTION SAL-2.5 SN (ELI)  TITANIUM 
- -  ALLOY BOLTS - - - 
7 ---- ---- - -I - - ---. _. -
N a n i r u f  
SC&T PART 1Kl I T1:racnd 
! Siae - 1/ I _____ _- - ._ . I . - + . - . - - I  - - - -  -7 I; ---" II- 
Special  Externa l  f 1/4-28 
Special  Externa l  j 3/8-24 
drenching Bolt  1 11 
I 












- 1/ Tes t  specimen inco rpora t ing  reduced gage s e c t i o n  machined i n  
b o l t  shank from experimental  e x t e r n a l  wrenching head b o l t  
f ab r i ca t ed  from 5A1-2.5 SN (ELI) t i t an ium alloy. 
noted i n  Table 
2/ Evaluat ion t e s t e  performed on reduced gage s e c t i o n  b o l t  specimens - 
TABLE NO. X V I I  F 1 
RESULTS OP 15-CYCLE ~ A L L A T I W  TORQUE-TENSION TESTS OF 
EETERNAL WRENCBING HeAD 5AL-2.5 SN (ELI) TITANIm ALLOY BOLTS 
OESIW Mplp LOAD: 14 230 Newtons ( 3,200 Pounds) TEST CWOITIOh': TORQUE F R M  Nut 
Bolt Part No.: NASA E X P & R m A L  Nut  Part No.: R7S 428 
Thread Size: 1/4-28 LW-3.4 Nut Mater ia l :  8740 STEEL 
B o l t  Material :  5 ~ ~ 2 . 5  SN (ELI) TITANIUM ALLOY Nut Finish: CAWUM PLATE PER AMs2400 
Ho:r Finib::: BARE Washer Part N O . :  MS 20002C4 & I 6  20002-4 

















































125 IT 11 14 680 1 3;100 11 14 630 1 3;290 14 230 I 3;200 I 14 410 I 3;240 1 14 410 I 3;240 
CYCLE (12 11 CYCLE 112 CYCLE #2 1 CYCLE #2 n CYCLE x2 











I T  
I T  
I T  
I T  
IT -
I T  
I T  
IT 
I T  
I T  -
270 760 170 670 150 890 200 ii: 1 160 I 60 74 3 560 800 3 340 750 3 690 830 3 740 840 
6 630 1,490 7 560 1,700 7 120 1,600 6 890 1,550 7 030 1,580 
3 830 2,210 11 080 2,490 10 100 2,270 10 140 2,280 10 230 2,300 
12 990 2,920 13 610 3,050 13 660 3,070 13 300 2,990 13 480 3,030 
I 1 1 1 1 1 
CYCLE #3 CYCLE #3 CYCLE 113 CYCLE #3 CYCLE #3 
CYCLE #6 11 CYCLE #6 CYCLE #6 
25 I T  I1 800 I 180 180 40 1 290 29 0 980 220 1 200 
50 I T  3 110 700 2 030 470 3 910 880 3 650 880 3 070 690 
75 I T  6 540 1,470 6 230 I 1,400 6 320 1,420 
100 I T  9 430 2,120 1 8 900 2,000 I 8 670 I 1,950 125 I T  12 370 2,780 11 080 2,490 13 520 3,060 12 140 2.730 11 880 2.670 ::: :::;: ," 1 ;$; 
25 I T  270 60 270 53 1 250 280 GALLING 360 80 
50 I T  1 560 350 1 650 370 3 070 690 15TB CXCLE 1 780 400 
75 I T  2 980 I 670 3 690 830 5 650 1,270 4 230 950 
100 I T  5 960 1,340 4 800 1,080 5 870 1,320 8 230 1,850 
125 I T  7 120 1,600 8 540 1,920 10 680 2,400 8 320 1,870 
Y ' I T '  denotes i n s t a l l a t ion  torque. 
- 21 Bolt-nut essenbly tes ted i n  Transducer Controls load ce l l .  
Indicator .  
Tensile clamp load detennined from RBI St ra in  
630 
TABLE NO. X V I I  F 2 
ResuLTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
ERKRNAL WENCHING HEALl 5AL-2.5 SN (ELI) TITANIUM ALLOY BOLTS 
TEST CONDITION: TORQUE ?RW BOLT HEAD DESIGN CUw LOAD: 14 230 Newtons ( 3.200 Pounds) 
Bolt Part No.: NASA EXPZR-AL Nut Part No.: R7S 428 
Thread Size: 1/4-28 mJ0-U Nut Mater ia l :  8740 STEEL 
Bolt  Mater ia l :  UL-2.5 SN (ELI) TITAMM ALLOY Nut F i n i s h :  W.YIuM PLATE PER AMS2400 
Bolt F i n i s h :  BARB Washer Part N o . :  YS 20002C4 h YS 20002-4 
Bolt SpeclfLCatLOn. NOT APPLICABLE Hale Sire: 6.452 mm ( 0,254 i n . )  
T ORQ LE 
ii:ij 25 I T  1 870 1 420 
50 IT 4 710 1,060 
75 I T  7 070 1,590 
11.30 100 IT 9 470 2,130 
16.95 150 IT 11 340 2,550 
CYCLE Yb 
CYCLE *IO 
2 82 25 IT 
5165 1 50 I T  11 3 i!: 1 ig 
8.47 75 I T  5 430 1.220 
11.30 100 IT  7 160 1;610 
16.95 150 IT  9 070 2,040 
CYCLE #I1 
5.65 50 IT 2 850 
8.47 75 IT 4 850 1,WO 
11.30 100 I T  6 270 1,410 
16.95 150 IT 7 650 1,720 
CYCLE #15 
2.82 25 I T  I 510 
50 I T  3 250 7 30 :I 75 I T  11 5 380 I 1,210 
11.30 100 IT 7 070 1.590 




2 890 650 
5 160 1 1,160 
7 920 1.780 
13 120 I 2:950 
2 270 510 
4 540 I 1,020 
6 810 1.530 
10 990 1 2;470 
I 560 
3 560 800 
5 430 1 1,220 
9 250 2.080 
CYCLE C4 
3 070 690 
6 360 I 980 
7 960 1.790 











I 780 400 






1 - 1 - 1 760 1 ;;: 1 2 050 460 2 
1,160 4 630 1,040 4 890 1,100 
1,670 6 630 1,490 7 030 1,580 
2,720 9 070 2,040 11 390 2,560 1 
G A L L I N G 4  11 360 1 80 /I 760 I 170 I 14TH CY E 2 620 590 2 050 460 4 670 1.050 3 780 85  
6 230 1;400 5 200 1,170 
8 180 1,840 GALLIN 
TI Bolt-nut a8sembly e e s t e d  i n  Transducer Control8 load c e l l .  
Indicator .  




TABLE NO. X V I X  P 3 (A) 
RESULTS OF 1 5 - c ~ ~ ~  INSTALUTIO~ TORQUE-TENSION TESTS OF 
EXTERNAL !dRENCHING HpaD 5AL-2.5 SN (ELI) TITANIUX ALLOY BOLTS 
TEST CONDITION: TOP@% ma( N'UI DESIGN CUMP LMD: 33 490 Newton0 ( 7,530 Pounds) 
Bolt Part No. : &%SA E W W ~ A L  Nut Part No. : R7S 624 
Thread Sire: 3/8-24 UNJP-U Nut Material: 8740 STEIE 
Bol t  Material: 5A1-2.5 SN (ELI) TITANIM ALLOY Nut Finish:  CADMIDI PLATE PER AELS 2400 
Bolt  Finish: - Washer Part No. : MS 20002C6 h MS 20002-6 
Bolt Speclf lcat lon.  N d  APPLICABLE Hole Sire: 9.627 mm ( 0.379 i n . )  
















































SPECMEN NO. V-Tl1 SPECMEN N0.V-T12 SPECIMEN NO. V-T13 SPECPLEN NO. V-T14 SPECIMEN NO. V-T15 
INDUCED CLAMP LOAD 
75 I T  11 2 450 I 550 11 1 820 1 410 11 4 490 I 1.010 
150 IT 11 6 670 I 1,500 1 5 380 I 1,210 1 8 580 I 1;930 225 IT 12 410 2,790 11 080 2,490 13 740 3,090 300 IT 18 280 4.110 16 010 3.600 18 410 4.140 
400 IT 26 780 I 6;020 23 660 1 Si320 25 000 I 5;620 
, CYCLE #5 CYCLE t 5  CYCLE 15 
75 I T  2 033 450 2 220 503 3 420 770 
150 I T  6 050 1.360 6 090 1.370 6 980 1.570 
225 I T  10 190 2;290 10 850 2;440 11 250 2;530 
300 I T  16 010 3,600 13 830 3,110 15 350 3,450 
400 I T  22 910 5,150 23 403 5,260 22 510 5,060 
75 I T  2 450 553 3 650 820 
150 I T  5 030 1,130 7 870 1,770 
225 I T  11 520 2,590 12 100 2,720 
300 I T  17 210 3,870 18 190 4,090 
400 IT 24 820 5,580 25 530 5,740 
4 140 I 930 1 3 290 I 740 
10 500 2,360 9 560 2,150 
16 680 15 430 
23 310 I ::it; 1 21 710 1 :::io" 
CYCLE X11 11 CYCLE #11 
1 0 1 
2 360 
5 600 I 1,;;; 11 :i: 1 1,:; 
10 680 2.400 10 540 2.370 
5 960 1 1,340 11 6 050 I 1,360 
10 320 2,320 10 270 2,310 
14 680 3.300 14 770 3.320 
21 660 I 4;870 u 20 060 I 4;510 
NOTES: 7 ' I T '  denotes in s t a l l a t ion  torque. 
21 Bolt-nut asaembly tes ted in  Transducer Controls load cell. Tensile clamp load determined from RBI S t r a in  
Indicator .  
6 32 
TABLE NO. X V I I  F 3 ( 8 )  
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSIOl TESTS OF 
EKTBRNAL WaENCHING HEAD 5AL-2.5 SN (ELI)  TITANIUM ALLOY BOLTS 
TEST CCNDITION: TOBQUE FRm NtE DESIGN C W  LUAD: 33 490 Newtons < 7,530 Pounds) 
BOLL P a r r  No.: NASA ESPEBIKENTAL Nut P a r t  No. : R7S 624 
T h r e a d  Sire: 3/8-24 UNJF-3.4 
Bolt Material: 5.U-2.5 SN (ELI) TITANIUM ALLOY Nut Finish:  CADYIUM PLATE PER AnS2403 
Holt Finish: BaaE Washer Part  NO.: MS 20032C6 & MS 20002-6 
Bait Speclfrcatron. NUI APPLICABLE Hole Size: 5.627 m ( 0.379 i n . )  
















































75 I T  1 290 290 5 690 1,280 800 180 
150 I T  5 960 1,340 12 190 2,740 4 850 1,090 
225 IT 12 100 2,720 18 770 4,220 10 540 2,370 
300 I T  18 060 4,060 25 660 5,770 16 460 3,700 
400 IT 29 270 6.580 ] 35 180 7.910 25 750 5,790 
CYCLE #2 n CYCLE u2 CYCLE #2 
I I1 1 1 
75 I T  1 780 400 2 850 640 GALLING 
150 I T  5 960 1,340 7 030 1,580 5TH CYCL: 
225 I T  10 720 2,410 11 830 2,660 
300 I T  16 280 3,660 16 500 3,710 
400 I T  24 550 5,520 23 930 5,380 
CYCLE 66 CYCLE 66 CYCLE (16 
75 I T  
225 I T  1) 1 11 11 120 1 2.500 1,:: 11 1 150 IT 
300 I T  15 750 3;540 
400 I T  24 640 I 5,540 
CYCLE 615 CYCLE 615 CYCLE 015 
75 I T  2 890 650 
150 I T  6 140 1,380 
225 I T  10 410 2,340 
303 I T  14 990 3,370 
400 I T  21 350 4,800 
3 910 I 880 3 380 1 760 
10 410 2.340 9 790 2,200 
16 370 15 700 3,530 
23 220 1 ::26;: 1 22 110 1 4.970 
8 540 1,920 8 180 1.840 
14 503 13 970 
20 640 1 2:; 11 19 700 1 2:;:: 
CYCLE #4 n CYCLE u 
1 1 
mm?: 
f;r ' I T '  denotes i n s t a l l a t ion  torque. 
3 Bolt-nut assembly tested i n  Treneducer Controls l o a d  c e l l .  
Indicator. 
Tcnsile clamp load determined from RBI S t r a i n  
633 
TABLE NO. XVII F 4 
RESCZTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 






TEST CMIDITIMI: TORQUE FRCM BOLT 1 W  DESIGN CLAnP LOAD: 33 490 Newton8 ( 7,530 Pounds) 
Bol t  P a r t  N o .  : ~ x p m &  
Thread Size: 3/8-24 mm-u 
Nut P a r t  No.: R7S 624 
Nut U s r e r i a l :  8740 STEEL 
Materlel :  5AL-2.5 SN (ELI) TITANIIM ALLOY Nut F i n i s h :  CADMlLM PLATE PER E 2 4 0 0  
Washer P a r t  No. : US 20002C6 h MS 20002-6 B o l t  Finish: 
Bol t  S p e c i f I c a t l a n .  N d  APpLIUBLE Hole Size: 9.627 ma ( 0.379 in.) 
75 IT  2 310 520 2 220 500 1 330 300 1 690 380 2 090 470 
150 I T  4 980 1,120 5 600 1,260 3 960 890 1,140 6 000 1,350 
303 I T  16  060 3,610 12 370 2,780 10 760 2,420 12 540 2,820 13 610 3,060 
475 IT  31 310 7,040 22 730 5,110 20 820 4,680 , 23 840 5,360 26 510 5.960 






I I  1 CYCLE M 11 CYCLE C6 11 CYCLE C6 CYCLE C6 
75 I T  2 140 480 1 510 340 1 730 39 0 
150 IT 4 630 1,040 3 690 830 3 740 840 
225 IT 6 670 1,500 6 230 1,400 6 810 1,530 
300 IT 9 520 2,140 9 300 2,090 9 340 2,100 
475 IT  18 410 4,140 17 440 3,920 18 330 4,120 
NOTES * 
T " 1 T '  d e n o t e s  i n s t a l l a t i o n  torque. 
21 Bol t -nut  assemblv t e s t e d  i n  T r a n s d u c e r  C o n t r o l s  load  cell. T e n s i l e  clamp load determined  from RBI Strain 
6 34 
- 

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1 4 3 1  
I-S 3 2 
1 4 3 3  
I434  
1435 
TABLE NO, XVIII D 
RESULTS OF ELONGATION AND REDUCTION OF AREA TESTS 
OF REDUCED GAGE SECTION AMs6394 STEEL BOLTS 
B M T  PART NO, 
MS9 208-19 
II 
I 1  
I I  
I 1  








I 1  
I 1  
~~ 
ELONGATION 
i n  4 D i a s  
12 .8  
11 .3  
1 2 . 5  
10.0 
1 1 . 3  
7 .5  
17 .0  
1 3 . 5  
13 .8  
12.9 





40 .5  
46 .9  
43.7 
48 .4  
48.4 
4 7 . 7  
5 3 . 3  
4 7 . 6  
4 8 . 1  
-* 
y m s  * - 1/ Test epecimen incorporating reduced gage sec t ion  machined i n  b o l t  
shank area from MS 9208 and MS 9209 Double Hexagon Extended Washer 
Head Bolt8 fabricated from AMs6304 s t e e l  per Spec .  AMS7459. 
Evaluation tests performed on reduced gage sec t ion  b o l t  specimens 
noted i n  Table 
8 
a TABLE NO. XVIII E 1 (A) RESULTS OF 15-CYCLE I N S T U T I O N  TORQUE-TmSION TESTS OF AH5 6304 STEEL SERIES BOLTS 
TEST CWDITIOX: TORQUa FRM NUT DESIGN CLAELP LOAD: 10 590 Newtons ( 2,380 Pounds) 
Bolt Part No. : Hs 9316-15 Nut Part No. : BAC NlwR3 
Nut Material: H-11 STEEL Thread S i z e :  110-32 u I O p - 3  
Bolt Material: kVS 63W STEEL Nut F i n i s h :  DRY FILM LUBE OVER UDNILM PLATE 
Bolt Fintsn: DIFFUSED YICKEL-CAMIUM PLATE Washer Part No.: AN960-10 




































Newtons (Pounds) 1 Newtons I (Pounds1 
CYCLE #1 II CYCLE #l 
CYCLE 82 CYCLE #2 
I U I 
CYCLE #11 11 CYCLE 111 
I U I 
1 250 1 ;:i I 1 200 1 ;;: 
3 250 3 510 
5 960 1,340 6 270 1,410 
CYCLE #15 CYCLE #15 
260 ki: 1 zi: I 8 I 760 
5 650 1,270 1,350 
NOTES ' g  IT '  denotes installat ion torque. 
21 Bolt-nut assembly tested in Transducer Controls l M d  cell. 
IndicAtor. 
Tensile clamp load determined fraa RBI Strain 
639 
TABLE NO. XVIII E 1 (8) 
RESULTS OF 15-CYCLE INSTAUTION TORQUE-TENSIOX TESTS 05 
AMS 630-5 S T E a  SWIES BOLTS 
TBSI CONDIIION:  TORQUE FROM NIR 
Bolt Part NO.: EIS 9316-15 
Thread Size: #10-32 UXJF-JA 
Bol t  Mater-al: AHs6304 STEEL 
Bolt  F i n i s l , :  DIFFUSED yIQCEL-CADI(IlU4 PLATE 
Bolt  Speciri~ation. AXS 7454 
DESIGN C M P  L M D :  10 590 Newtons ( 2,380 Pounds) 
Nut Part 80 .  : BAC NlOHR3 
Nut M a c . r i a 1 :  H-11 STEEL 
Xuc F i n i s h :  DRY FILY LUBE OVER CADMILM PUTE 
Washer P a r t  bo. : AN960-10 
Hole S i z e :  4.93 m ( 0.194 i n . )  





I I I 
I I1 I I I 
- I I  
CYCLE (12 u CYCLE (12 I1 C Y C L t  r 2  CYCLE f:2 
c y a E  115  I CYCLE b15 I CYCLE 015 CYCLE (115 
I I I I I I 
i rwtons  1 (Pounds) 





r r r  h 
1 470 330 
3 h90 831 
5 540 1 1,470 
CYCLE #10 
- 
1 330 300 
770 2 i:i 1 1,400 
CYCLE 111 
NOIES: 
7‘IT‘ denotes  i n s t a l l a t i o n  torque .  
zt Bolt-nut aasembly t e s t e d  in Transducer Control. 1Md c e l l .  T e n s i l e  clamp l M d  determined tram R31 Strain 
I n d i c a t o r .  
640 
TABLE NO. XVIII E 2 
RESULTS OF 15-CYCLE INSTALLATrON TORQUE-TENSION TESTS (F 
A M  6304 S T E a  SERIES BOLTS 
TEST CONDITION: TOBQUE FRM BOLT HEAD DESIGN CLAMP LOAD: 10 590 Nevtons  ( 2,380 Pounds) 
B o l t  Part No. : MS 9316-15 
Thread S i z e :  1110-32 m m - 3 ~  Nut Uatcriai: H-11 STEEL 
Nut Part  No. : BAC N 1 W 3  
Bolt Material: AEls 6304 STEEL Nut Finish: DRY FILM LUBE OVER CADXUPI PLATE 
B o l t  F l n i s h :  DIPFUSED NICKEL-CAI*LILlM PLATE Washer Part NO. : m 6 0 - 1 0  







4 .52  
7 . 3 4  
2.26 
4.52 









6 .52  

















40 I T  










65 IT  
- 
20 IT 
40 IT  




65 I T  
- 
20 IT 
40 I T  
65 IT 
NOTES * 
7 " I T '  denotes installation torque. 
21 Bolt-nut asaembly teated in Tranaducer Control. load cell. 
Indiestor. 
Tensile clamp 1-d determined fran RBI Strain 
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TASLE NO. XVIII E 3 (A)  
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
AMs 6301, STEEL SERIES BOLTS 
TZST CLNDITION: TOBQDB FECM PIVT 
Bolt Part No. : ,MS 9208-19 
Thread Size: 110-32 WJ'F-3A 
Bolt Mater ia l :  AMs 6304 STEEL 
Bolt Finish: DIFFUSED N I C K E L - W I U M  PLATE 
Bolt Spec,fL'atl"". Am 7459 
DESIGN CLAMP LOAD: 14 990 Newtons ( 3,370 Pounds) 
Nut Part No.: BAC NlOHR3 
Nut M a t t r i a l :  H-11 STEEL 
Nut Finish: DRY F I W  LUBE D m  CA3YILN PLATE 
Washer Part No. : AN 950-10 












































25 I T  3 960 890 4 270 9 60 
50 IT 7 920 1,780 8 410 1,890 
75 I T  11 740 2,640 12  630 2,840 
100 IT 15 880 3,570 16 150 3,630 
25 IT 
CYCLE 13 1 CYCLE 113 " I 
II I U I 
CYCLE U4 11 CYCLE 14 
I n 1 
640 
I II I 
CYCLE 06 1 CYCLE 06 
I1 I U I 
CYCLE #I1 n CYCLE CII 
I II I 
25 IT 2 270 510 3 020 680 
53 IT 
75 IT 1) i:: 1 :$: 1 ," ::: 1 ::% 
100 IT 11 920 2,630 13 340 3,000 
II I II I 
CYUE #15 11 CYCLE 015 
I II I 
25 IT 2 050 2 620 
59 IT 11 i 540 I 1,:; 11 5 430 I 1,:;: 
75 I T  7 290 1,640 8 810 1,980 
100 IT 11 250 2,530 12 370 2,780 
SPECIMEN NO. M-TI8 SPECIMEN NO. H-T19 SPECMES SO. M-T20 
U4P LOAD 
Newtons I (Pounds) Newtons I (Pounds1 
CYCLE (11 CYCLE 111 
I 
4 140 
7 650 1 1,;: 1 G; 1 1,:; 
11 830 2,660 11 560 2,600 
16 150 3,630 15 480 3,480 
CYCLE ~ i 2  I CYCLE 1'2 
I 1 
I n 1 
CYCLE 113 CYCLE 
2 270 
5 250 1 : 1 2 ?: 1 1,: 
8 630 9 960 2,240 
13 170 2,960 14 140 3,180 
1 II 
CYCLE 84 11 CYCLE #4 
I 11 1 
2 270 
5 430 1 l,?li 1 ; :;E 1 1,;::
13 170 2,960 13 120 2,950 
8 580 1,930 9 250 2,080 
CYCLE 05 11 CYCLE05 
I 11 1 
2 310 
12 770 
CYCLE 86 CYCLE $6 
I II 1 
2 220 
CYCLE #I0 
I II 1 
I 
1 CYCLE 011 CYCLE 111 
I II 1 
1 910 430 
I 
11 CYCZE #I5 CYCLE C15 
I II 1 
1 820 1 ;;: I I 910 I 430 
I* 310 4 710 1,060 
6 850 1,540 7 650 1,720 
10 760 2,420 11 340 2,550 
Y t v t o n s  I (Pounds) 
CYCLE 1:1 
2 760 620 
5 780 1,300 
9 870 1 2,220 
14 680 3,300 
CYCLE - 3  
 
CYCLE It4 
2 360 1 530 
; Eo" 1 ::::: 
14 010 3,150 
 
CYCLE at5 
2 490 560 
5 830 1 1,310 
9 340 2.100 
CYCLE ::h 
1 
2 400 540 
CYCLE dl0 
1 
2 220 500 
5 070 1 1,140 
8 670 1.950 
CYCLE 015 
 
1 960 I 440 
4 580 1,030 
7 780 1 1,750 
11 700 2,630 
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N U I F 3  : 7'IT' denotea lnut~llation torque. 
TI Bolt-nut aonetnbly teated in Traneducer Controll l a d  c e l l .  Tensile clamp l o a d  determined frca RBI Strain - 
Indicator. 
TABLE NO. XVIII E 3 (B) 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OI 
AMs 6304 STEEL SERIES BOLTS 
TEST CONDITION: TOXQUE PRm m DESIGN CLAMP LOAD: 14 990 Newtons ( 3,370 Pounds) 
Bolt Part No. : MS 9203-19 Nut Part No. : BAC NlOHR3 
Thread S i z e :  $10-32 UNJF-~A Nut Mater ia l :  H-11 STEEL 
Bolt M a t e r i a l :  AXS 6304 STEEL Nut F i n i s h :  DRY FILM LUBE OVER U < l W  PLATE 
Bolt  F i n i s h :  DIFFUSED XIIMEL-CAIMIUM PLATE Washer Part No.  : AN 960-10 












































75 I T  






50 I T  
75 I T  
100. I T  
25 IT 
50 IT 
75 I T  
1W I T  
25 I T  
50 IT 
75 IT 
100 I T  
25 IT 
53 I T  




75 I T  
100 I T  
25 I T  
50 I T  
75 IT 
100 I T  
25 IT 
53 I T  
75 I T  
100 IT 
2 760 620 2 850 640 2 580 580 2 890 650 2 710 610 1 ;:;3: 1 5 870 1 1,320 10 140 2,280 9 870 2,220 9 92 2,230 
14 100 3,170 14 590 3,280 14 320 3,220 3,300 14 230 3,200 
:z: 1 i:: 1 6 180 1 1,390 1 5 740 1 1.290 
2 310 520 2 220 500 2 050 460 2 360 530 2 OW 450 
5 200 1,170 5 200 1,170 4 710 1,060 5 160 1,160 4 800 1,080 
8 980 2.020 8 670 1,950 8 010 1,800 9 300 2,090 8 100 1,820 
12 720 2,860 13 030 2,940 12 230 2,750 13 390 3,010 12 140 2,730 
CYCLE #I1 c y a E  #ii CYCLE #11 CYCLE tll CYCLE #ll 

















1960 440 2 400 540 1960 440 
4 670 1,050 5 030 1,130 4 580 1,030 
7 870 1,770 8 940 1 2,010 7 560 1 1,700 
12 140 2,730 13 080 2,940 11 740 2,640 
CYCLE 815 CYCLE #I5 CYCLE b15 
1 870 420 2 220 500 1 870 420 
4 400 990 4 800 1,080 4 270 9 60 
7 290 1,640 8 450 1,900 7 210 1,620 
11 160 2,510 12 450 2,300 10 940 2,460 
NOTES. 
T ' ' I T '  denotes  i n a t a l l a t i o n  torque, 
21 Bolt-nut asaernbly t e s t e d  i n  Traniducer Controls  load cell. 
Indicator .  
T e n s i l e  clamp load determined frm RBI S t r a i n  
TABLE NO. X V I I I  E 4 
RESULTS OF 15-CYCLE I N S T A l L 4 T I O N  TORQUE-TENSION TESTS OF 
AMs 6304 STEEL SERIES BOLTS 
TEST CONDITION: TORQUE FRm BOLT HBAD DESIGN CLAMP IOAD: 14 990 N e w t o n s  ( 3,370 Pounds) 
B o l t  P a r t  No. : HS 9208-19 N u t  P a r t  No. : BAC NlOHR3 
T h r e a d  S i z e :  #IO-32 uNJF-3A N u t  Matrrial: H-11 STEEL 
Bolt M a t e r i a l :  AHS 6304 STEEL N u t  F i n i s h :  DRY FILM LlTBE OVER CADMIUM PLATE 
B o l t  F i n i 5 h :  DIFFUSED N I C K E L - C A W W  PLATE Washer P a r t  N o .  : AN960-10 
Bolt S p e c l t l c a t i " " .  AXS 7459 Hole S l ~ r :  4.93 mm ( 0.194 I n . )  
II n II R H 
CYCLE #I I CYCLE Pi I ! I I I 
2.82 660 
:6; I 2;; 1 1,;:: I :% 1 1,690 13 260 2,980 11 300 2,540 11 880 2.670 
!0.17 15 830 3,560 13 370 3,140 14 680 3,300 
/I % I 1,:;: 1 
I I I 
CYCLE 112 CYCLE 112 I CYCLE 1'2  IT 1 650 370 1 650 370 2 090 470 
I I 
CYCLE (13 11 CYCLE #3 CYCLE ''3 
2.82 1 7.5 IT 11 1 290 I 290 11 1 560 I 350 11 1 870 I 420 
CYCLE 1 CYCLE #4 CYCLE #4 
2.82 I 25 IT It 910 I 430 i 650 I 370 ii 560 I 350 
I II I I II I 
CYCLE #5 u CYCLE 15 11 CYCLE US 
I n I II I 
370 
LO. 17 
2.82 25 I T  980 220 1 200 270 1 160 260 
3.47 75 IT 5 400 1,260 5 090 1,370 5 200 1,170 
10.17 90 IT 7 963 1,790 7 960 1,790 7 160 1,610 
5.65 53 I T  2 800 530 3 420 770 3 020 sa0 
2.82 25 I T  1 110 250 1 163 260 I 020 230 
5.65 50 IT 3 270 740 3 200 720 2 710 610 
3.47 75 IT 6 W 0  1,370 5 340 1,200 4 780 1,120 
10.17 90 IT 8 '510 1,803 7 650 1,720 6 720 1,510 
wnr.r.  
~~~ ~ 
N e w t o n s  (Pounds) h e w t o n s  I (Pounds) 
CYCLE iil 1 CYCLE *<I 
2 850 1 640 11 2 450 I 550 
7 380 1,660 6 940 1,560 
12 230 11 700 
15 260 1 ::;:: )1 14 903 1 ::::: 
I II 
CYCLE "2 CYCLE v 2  
1 820 410 1 730 390 
5 120 1,150 5 200 1,170 
10 010 
12 630 I 11 1; % I 
1 600 1 560 350 
CYCLE (115 CYCLE 1115 
640 
.._._". 
1/- ' I T '  denotes instal lat ion torque. z/ Bolt-nut assembly tested i n  Transducer Controls l o a d  cell. 
Indicator. 
Tenaile clamp 1-d determined from RBI Strain  
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TABLE NO. XVIII E 5 (A) 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
AMS 6304 STEEL SERIES BOLTS 
TEST CONDITION: TCBl(jUE PBM NUI 
Bolt P a r t  No. : Hs 9209-31 
Thread S i z e :  1/4-28 w-3~ 
Bolt Material: AMS 6304 STEEL 
Bolt Finish:DIFFUSED NICKEL-WLDMIM PLATE (AMS2416) 
















































50 I T  3 020 680 3 290 
100 I T  6 940 1,560 10 500 
150 I T  11 210 2,520 18 060 
200 I T  16 640 3,740 23 800 
250 I T  21 750 4.890 , .  
CYCLE 113 1 CYCLE 
I II 
50 I T  3 200 720 3 290 
100 I T  I/ 7 610 1 1,710 /I 11 920 150 I T  12 190 2.740 19 260 
50 I T  11 G: 1 750 1 5 250 
100 IT 1,570 13 300 
150 IT  12 190 2,740 20 550 
200 IT  17 210 3,870 26 600 
250 IT 21 660 4,870 I} CYCLE #5 11 CYCLE 
I II 
50 I T  3 110 700 5 600 
100 I T  /I 6 890 I ;::5: 11 14 500 
150 I T  11 650 21 170 
200 I T  18 010 4;050 I 27 400 























11 CYCLE U6 11 CYCLE C6 I II I 
200 I T  11 1 7  790 I 41000 11 28 380 I 61380 
250 IT 11 21 080 I 4;740 11 I '  
C Y a E  c10 II CYCLE #lo 
I I, I 
50 I T  11 2 220 I 500 11 6 050 I 1.360 
100 I T  5 870 1,320 16 240 3:650 
150 IT / /  10 320 I :::3: 11 23 400 1 5,260 
200 I T  15 080 30 560 6.870 
50 I T  2 270 510 5 430 1,220 11 14 990 I 3.370 100 I T  11 5 430 I 1.220 
2;030 25 890 5;820 :E :: 11 1; % I 3,040 /I 31 800 I 7,150 
250 I T  16 990 3,820 
DESIGN CLAMP LOAD: 26 510 Newtons ( 5,960 Pounds) 
Nut Part No.: n23-4 
Nut Material: AMS 6304 STEEL 
Nut F i n i s h :  DRY FILM LUBE LUBE OVER CAEWX4 PLATE 
Washer Part  N O . :  MS 20002-4 
Hole Size: 6.452 !m ( 0 .254  i n . )  
SPECIMEN NO. M-T33 SPECIMEN NO. M-T34 SPECINEN NO. M-T35 
3 740 840 3 560 800 3 380 760 
8 100 1,820 7 830 1,760 7 650 1,720 
12 850 2,890 12 810 2,880 12 370 2,780 
18 330 4,120 18 370 4,130 17 610 3,960 
23 530 5,290 23 220 5,220 22 860 5.140 
~~ 
760 ii 3 CYCLE 290 i" 740 CYCLE 114 1 C Y C L E %  3 510 790 3 380 . .~ 
12 810 2.880 12 770 I.:::: 1 12 7 470 23 I 1.680 2,750 
18 330 4.120 17 970 4.040 17 530 3.940 
7 920 I 1,780 1 7 470 I 
670 3 250 
7 470 1,: 7 160 1,610 4;: 1 1,670 
12 140 2,730 12 770 2,870 11 880 2,670 
1 7  210 3,870 17 930 4,030 16 770 3,770 
22 600 5.080 22 640 5,090 . 22 020 4.950 
780 2 980 
' ' 
CYCLE 16 1 CYCLE 66 1 CYCLE #6 
I, 1 1 1 
3 200 720 3 380 760 2 850 640 
7 380 I 1,660 7 160 1 1,610 6 850 1 1,540 
12 100 2,720 12 410 2,790 11 430 2,570 
17 120 3,850 17 700 3,980 16 410 3,690 
22 460 5,050 22 330 5.020 7.1 710 4.880 
670 i 2 620 590 CYCLE #10 & U E  110 2 890 650 2 980 1 6 630 6 890 1 1,550 1,490 1 6 490 1,460 
11 430 2,570 11 740 2,640 11 120 2.500 
16 150 3,630 1 7  120 3,850 15 920 3,580 
21 040 4,730 21 570 4,850 20 820 4,680 
CYCLE # l l  CYCLE #11 CYCLE C l l  1 2 890 2 800 15" 6:" ~ 2 360 530 6 720 1,510 6 320 1,420 6 320 1,420 11 250 2,530 11 340 2,550 10 630 2,390 16 010 3,600 16 590 3,730 15 700 3,530 20 910 4,700 21 170 4,760 20 330 4,570 2 620 2 580 2 140 480 
6 360 1.430 5 780 1.300 5 690 1.280 
CYCLE b15 CYCLE XI5 CYCLE U15 
11 120 2;500 10 720 2;410 
15 750 3,540 15 660 3,520 
20 680 4.650 20 190 4.540 
NOTES : 
21 
' IT '  d e n o t e s  i n s t 6 l b t f O n  torque .  
Bolt-nut assembly t e l t e d  in Transducer Control. load c e l l .  
I n d i c a t o r .  
Tensile clamp load  determined trap. UBI S t r a i n  
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TABLE NO. XVIII E 5 (8) 
RESULTS OF 15-CYCLE INSTALLATION TOKQUE-TE3SION TESTS OF 
AMS 6304 STEEL SERIES BOLTS 
! a  
DESIGN CLAHP LOAD: 26 510 Newtons ( 5,960 Pounds) TEST CONDITION: TORQUE ma4 m 
Bolt Part N o .  : US 4209-31 Nut P a r t  Yo. : H23-4 
Thread Size: 1/4-28 UNJF-U Nut N s t L r i a l :  AMs 6304 STEEL 
Bolt nsterlal: ANS 6304 STEEL Jut F i n i s h :  DRY FILM LUBE OVER CADMIUM PLATE 
Bolt F i n i s h :  DIFPUSeD NICKEL-CADMIUM PLATE (AMS2416) l i a s h e r  P a r t  ho. : nS 20002-4 





















































250 I T  
50 IT 11 3 110 I 700 11 3 250 I 730 11 3 200 I 720 11 4 270 I 960 I! 3 110 I 700 
100 ; 7 070 1,590 7 340 1,650 6 980 1,570 10 810 2,430 
150 IT 12 540 2,820 11 970 2,690 11 560 2,600 17 390 5,530 
200 IT 18 060 4,060 17 260 3,880 16 640 3,740 24 600 5,530 
250 I T  22 330 5,020 22 420 5,040 21 620 4,860 
11 CYCLE b15 
2 220 500 2 310 520 4 310 970 2 140 480 
5 920 1,330 6 000 1 1,350 9 960 2,240 5 600 1,260 
18 770 4,220 17 570 3,950 18 060 4,060 
10 100 2,270 9 610 2,160 16 550 3,720 9 560 2,150 
14 410 3,240 13 480 3,030 22 600 5,080 13 660 3,070 
NOTES: 
9 
'IT' denotes inltallation torque. 
Bolt-nut assembly te8ted in Transducer Controls lend cell. 
Indicator. 
T e n a i l e  clamp l e n d  determined frm RBI Strain 
64 6 









BESULTS OP 15-CYCLE I?NSTALLATION TORQUE-TENSION TESTS OF 
AMS 6304 STEEL SERIES BOLTS 
150 I T  10 270 2,310 7 120 1,600 7 120 1,600 9 430 2,120 7 290 1,640 
200 I T  15 300 3,440 11 790 2,650 10 230 2,300 13 480 3,030 11 080 2,490 
225 IT 16 640 3,740 12 450 2,800 11 080 2,490 15 390 3,460 13 260 2.980 
CYCLE #15 CYCLE #15 CYCLE C15 CYCLE 115 CYCLE 815 
50 I T  1 690 380 1 290 290 GALLING 1 600 360 1 690 380 
100 I T  4 400 990 3 420 770 12TH CYCI.E 4 490 1,010 3 830 860 
150 I T  7 780 1,750 6 580 1,480 7 700 1,730 7 120 1,600 
200 I T  12 280 2,760 9 790 2,200 11 740 2,640 10 810 2,430 
225 I T  12 900 I 2,900 12 680 2,850 13 080 2,940 12 810 2.880 
TEST CONDITIOS: TORQUE FKcbL BOLT HEAD DESIGN C W  LOAD: 26 510 Newtons ( 5,960 Pounds) 
Bolt P a r t  No. : Ms 92W-31 Nut Parr No. : H23-4 
Thread S i z e :  1/4-28 W - 3 A  Nut Material: AMS 6304 S T E a  
Bolt Material: AMS 6304 STEEL Nut Finish: DRY FILM LUBE OVER CADMlUM PLATE 
Bolt F i n i s h :  DIFFUSED NICKEL-CAmIUM PLATE (AMS2416) Washer Part No.: MS 20002-4 
Bolt Spec i i i ca t ;o : : .  AMs 7459 Hole Size: 6.452 m ( 0.254 in.) 
u CYCLE 112 I1 CYCLE #2 CYCLE 8 2  I( CYCLE #Z I 
16;95 150 I T  
22.60 200 I T  
25.42 225 I T  
5.65 50 I T  2 800 h30 2 670 600 2 800 640 2 760 620 
11.30 100 I T  7 870 1,770 6 090 1,370 6 180 
16.95 150 I T  13 570 4,590 10 050 2,260 10 010 
22.60 200 I T  20 420 4,590 15 610 3.510 15 790 
25.42 225 I T  21 880 4,920 18 010 4,050 18 010 11 CYCLE C6 11 CYCLE 86 11 CYCLE #6 CYCLE #6 [ CYCLE 66 1 I, I I, 1 I, I I I 
5.65 50 I T  2 540 570 2 490 560 2 540 570 600 2 490 560 2 670 
11.30 100 I T  7 430 1,670 5 740 1,290 5 470 I 1,230 6 890 I 1,550 830 1 1,310 
16.95 150 I T  12 990 2,920 9 520 2,140 9 390 2,110 11 880 2,670 9 790 2,200 
22.60 200 IT 19 080 4,290 14 770 3,320 15 390 3,460 16 990 3,820 14 460 3.250 
25.42 225 I T  20 950 4,710 16 100 3,620 1 7  390 3.910 , 19 700 4.430 6 770 3.770 
11 CYCLE #lo II CYCLE $10 11 CYCLE X10 1 & L E  #lo 1 CYCLE #IO I I n I 11 I n I I 
50 IT 450 
1;:; 1 100 I T  11 % I 1,:;: 1 ;:: I :ii I 2 t: 1 ii: % 1 1,;: I 2 E: 1 1,030 
16.95 150 I T  9 790 2,200 7 960 1,790 7 030 1,580 9 560 2,150 8 230 1,850 
22.60 200 IT 14 190 3,190 12 500 2,810 10 810 2.430 13 520 3,040 11 920 2,680 
25.42 225 IT 16 240 3.650 14 630 3.290 12 940 2.910 15 520 3.490 14 010 3.150 
NOTES : 
21 
' I T '  denotes installation torque. 
Bolt-nut Assembly tested i n  Transducer Controls l o a d  cell. 
Indicator. 
Tensile clamp load determined from RBI Strain 
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TABLE NO. XVXIL E 7 (A) 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
AMs 6304 STEEL SWIES BOLTS 
TEST CONDITION: TORQUE FROW NLT 
Bolt P a r t  No.; Ru 428776A 
Thread Size: 1/4-28 UETS-SA 
Bolt  Material; AMS 6306 STEEL 
Bolt F i n i s t  : DIFFLISED NICKEL-CADMIUM PLATE 
Bolt  S p e c i t r c a t r o n .  RIA 428776A 
DESIGN C ' i P  LOAD: 1 7  990 Newtons ( 4,000 Pounds) 
Nut P a r t  NO.: H23-4 
Nut M a t i r i a l :  A..S 6304 STEEL 
Nut Finish: DRY FILM LUBE OVER CADXIUM PLATE 
Washer Par t  No.: MS 20002-4 
Hole S i r t :  6.452 mm ( 0.254 i n . )  













































50 IT 3 110 680 
100 I T  I( 7 960 1 1,;:: I ;: 1 1,::: I % 1 1,;;: ; % 1 1,:; 1 ; i:: 1 1,710 
150 IT 12 500 2,810 9 830 2,210 11 970 2,690 12 410 2,790 12 190 2,740 
180 IT 1 5  480 3,480 14 410 3,240 14 950 3,360 15 080 3.390 1 5  350 3.450 
I1 I I1 1 11 1 1 ,I 
CYCLE 113 (1 CYCLE #3 11 CYCLE "3 1 CYCLE I t 3  I1 L Y C L t  'i3 
I n 1 1 1 A 1 11 1 
50 IT  2 310 550 
100 IT I/ 6 810 I 1,;:; 11 ;E: I 1,:: 11 ::: I 1,:: I gi: 1,:; '1 E i?: 1 1.440 
150 I T  10 900 2,450 8 940 2,010 9 830 2,210 10 410 2,340 10 500 2,360 
180 I T  13 740 3,090 1 2  770 2,870 12 590 2,830 12 770 2,870 13 260 2,980 
I 1 1 1 1 1 
CYCLE #4 CYCLE #4 CYCLE 114 CYCLE at4 CYCLE $4 
50  IT 1 820 410 1 960 440 2 180 490 560 2 490 
100 I T  5 430 1,220 4 710 1.060 5 290 1 ,190  5 560 1 ,250  
150 IT 9 470 2,130 8 010 1,800 9 160 2.060 9 610 2,160 
180 IT 12 140 2.730 12 050 2,710 11 830 2,660 12 230 2,750 
50 IT 300 
LOO IT 11 i iz; 820 
150 I T  7 070 1,590 5 690 1 , 2 8 0 .  6 940 1 ,560  6 980 1,570 6 810 1 ,530  
180 IT 9 300 2,090 9 300 2,090 9 070 2,040 9 390 2,110 9 160 2,060 
1 3 :;: 1 ;:: I ::: 1 ::; 1 i;: 1 i;: 1 2:: 
NQTPS : 
- 21 
' I T '  denotes  i n a t a l l a t i o n  torque .  
Bolt-nut assembly t e s t e d  i n  Transducer  C o n t r o l s  load cell. 
I n d i c a t o r .  
T e n s i l e  clamp l M d  determined from RBI S t r a i n  
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TABLE UO. X V I I I  E 7 (B) 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
AMS 6304 STEEL SERIES BOLTS 
TEST CONDITION: TORQUE FROn NUT 
Bolt Part N o .  : PUA 428776A 
T h r e a d  Size: 1/4-28 MS-3,j 
B o l t  Material: ~ y s  6304  ST^ 
Fin i sh:  DIFFUSED NICKEL-CADIIIUM PLATE 
Bolt SpeclficaCLon. pwA 428776A 
DESIGN CLAWP LOAD: 17 990 N e w t o n s  ( 4,000 P o u n d s )  
Nut Part No.: ~ 2 3 - 4  
N u t  Material: AMs 6304 STEEL 
N u t  Finish: DRY FILM LUBE OVER CAIMILIM PLATE 
Washer Part No. : Ms 20002-4 
Hole Size: 6.452 m (0.254 i n . )  
I n I1 I 
5.65 50 IT 4 580 4 800 1,080 1 11.30 1 100 IT 11 ;: ;;3 1 1 ig/ ;::!! 1 1; ;;: 1 2,210 6.95 5  I  3,34  
20.34 180 IT 17 480 3,930 16 990 3,820 17 840 4,010 
- I I I 
CYCLE Ib CYCLE #4 CYCLE 114 
5.65 50 I T  2 220 500 2 140 480 2 310 520 
11.30 100 I T  5 340 1,200 5 470 1,230 5 560 1,250 
16.95 150 I T  9 740 2,190 9 610 2.160 9 830 2,210 





















I T  
I T  
I T  
- 
I T  
I T  
I T  
I T  
- 
I T  
I T  
I T  
I T  
, I II I 
CYCLE #6 11 CYCLE116 11 C Y C L E C 6  
8 810 
I I 
CYCLE 111 CYCLE #11 CYCLE # l l  
I T  1 510 340 1 600 360 1 330 300 
I T  4 140 930 3 960 890 4 090 920 
I T  7 470 1,680 7 250 1,630 7 250 1,630 
10 320 2,320 9 740 2,190 I T  9 830 2,210 
I II I1 I 11 CYCLE #15 1 CYCLE #15 [I CYCLE C15 
Newtons ( P o u n d s )  N e w t o n s  I (Pounds) 
CYCLE # l  CYCLE # l  
I I 
CYCLE 112 
3 380 760 2 800 630 
CYCLE 113 CYCLE 63 
6 450 1,450 1,280 
10 540 2,370 9 790 2,200 
13 170 2,960 12 720 2,860 
CYCLE #4 CYCLE 
2 540 
6 050 1 I 1 1,:;:
12 680 2,850 12 190 2,740 
9 920 9 300 2,090 
I II I 
CYCLE #5 CYCLE #5 
1 870 420 2 140 480 
, " 
CYCLE 116 
2 050 460 
&CLE 110 CYCLE #10 
4 360 3 960 
CYCLE #11 CYCLE # l l  
1 560 290 
9 960 
CYCLE #15 CYCLE #15 
3 960 3 420 
I U I 
NOTES : 7' I T '  denotes i n s t a l l a t ion  torque. 
21 Bolt-nut assembly t e s t e d  in T r a n s d u c e r  C o n t r o l s  load ce l l .  Tensile c l 6 m p  l o a d  d e t e r m i n e d  from R B I  S t r a i n  - 
I n d i c a t o r .  
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TABLE NO. XVIII E 8 
RESULTS OF 15-CYCLE INSTALLATION TORQuE-TENSION TESTS OF 
A M  6304 STEEL SERIES BOLTS 
TEST CCNDITION: 
Bolt P a r t  N o .  : EWA 428776A 
Thread  5122: 1/4-28 UNS-SA 
Bol t  Ms te rml :  AIS 6304 STEEL 
Bolt Flnlrh: DIPFLISED NICKEL-CADXIUM PLATE 
Bolt Spec i t  i c a t  10". PWA 428776A 
TORQUE PBCN BOLT HBAD DESIGN CLAMP LOAD: 1 7  990 Newtons ( 4,000 Pounds) 
Nut Part No.: H23-4 
Nut Ma t i r i a l :  AMS 6304 STEEL 
Nut F i n i s h :  DRY FILM LUBE OVER CADMIUM PLATE 
Washer P a r t  No.: MS 20002-4 
Hole Size: 6.452 mm ( 0.254 i n . )  
I- 
11.30 100 IT 
16.95 150 I T  
21.47 190 I T  4- 
11.30 100 I T  
16.95 150 IT 
21.47 190 I T  
I 
5.65 50 I T  
11.30 100 I T  
16.95 150 I T  
21.47 190 I T  
5.65 50 IT 
11.30 100 I T  
16.95 150 I T  
21.47 190 I T  
5.65 50 I T  
11.30 100 IT 
16.95 153 I T  t21.47 190 IT 
SPECIMEN N0.H-T56 SPECIMEN NO.M-T57 SPECIMEN NO. M-T58 SPECIMEN NO.M-T59 SPECIMEN S O .  M-T6O 




CYCLE #3  
CYCLE I  
2 400 540 
5 520 I 1,240 
9 210 2.070 
12 450 I 2;800 
 
CYCLE #5 
2 000 I 450 
4 850 1,090 
8 630 I 1,940 
12 500 2,810 -
CYCLE #6 
CYUE Y15 - 
z I 
7 210 1.620 




I :q ;;E 
12 500 2,810 
, 
CYCLE M 5  
8 100 1,820 







650 1 1,; 1 ;;: 1 1.410 
2,550 10 450 2,350 
3,320 14 140 3.180 
I I II I 
CYCLE "3 B CYCLE "3 LYLLL. 2'1 
2 850 1 640 I 2 890 1 650 1 2 670 1 600 
5 600 1 ,260  5 740 1,290 6 140 1,380 
9 250 2.080 10 540 2,370 9 700 2,180 
13  300 2,990 14 460 3,250 13 030 2.930 
CYCLE #15 
NUI'ES : 
1/ ' I T '  d e n o t e 8  i n s t a l l a t i o n  t o r q u e .  
TI Bol t -nut  aaaembly t e s t e d  in T r a n a d u c e r  C o n t r o l s  l o r d  cell. 
I n d i c a t o r .  
T e n s i l e  clamp l o a d  de termined  f r a  RBI S t r a i n  
650 
TABLE HO. XYIII E 9 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TbXSION TESTS OF 
AMs 6304 STEEL SWIES BOLTS 
DESIGN CLAMP LOAD: 27 580 Newton. ( 6,200 Pounds) 
Nut P a r t  NO. : BAC NlOHRS 
Nut M a t e r i a l :  ALLOY STEEL 
TEST COWDITION: TORQUE FRm Nm 
Bolt P a r t  NO.: pIu\ 279231.4 
Thread Size: 5/16-24 NS 
Bolt M a t e r i a l :  AMS 6304 STEEL Nut Finish: DRY FILM LUBE OVER CADMIUM PLATE 
Bolt F i n i s h :  DIFFUSED NICKEL-CADMIUM PLATE Washer P a r t  NO.: AW60-516 
Bolt S p e c l f i c a t r o n .  PWA 27923U Hole Size: 8.03 rm ( 0.316 in.) 
CYCLE #3 CYCLE #3 CYCLE #3 
8.47 75 IT 7 340 1 1,650 6 980 1 ,570  6 720 1,510 
16.95 150 IT 14 860 3,340 1 5  430 3,470 1 5  120  3,400 







NO. -M-T65 I 
I I 
CYCLE 63 n CYCLE #3 
I II 
CYCLE #6 I CYCLE #6 
I I I 
CYCLE #lo 
I U I 
I II I 
CYaLE #11 1 CYCLE 111 
CYCLE #15 CYCLE 115 
NOTES * 
T " I T '  denotes  i n s t a l l a t i o n  torque .  
2/ Bolt-nut assembly t e s t e d  in Transducer Cont ro ls  1-d c e l l .  
I n d i c a t o r .  
T e n s i l e  clamp 1-d determined fran RBI S t r a i n  
65 1 
r 
TABLE NO. XYIII B 1 0  
8.47 
BESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
AMs 6304 STEEL SEKIES BOLTS 
IT I I I I 
CYUE *5 CYCLE C5 CYCLE #5 CYCLE #5 1 CYCLE 85 
75 IT 4 980 1.120 5 250 1.180 5 120 1.150 5 200 1.170 4 760 1.070 
TZST CRIDITION: TORQUE FRCW BOLT HEAD DESIGN ClAMP LOAD: 2 1  580 Newtons ( 6,200 Pounds) 
Bolt P a r t  NO.: p y ~  279231A Nut P e r t  NO.: BAC N1OHR5 
Thread S i r e :  5/16-24 NS Nut M a t c r i s l :  ALLOY STEEL 
Bolt M a t e r r s l :  6304 STEEL Nut F i n i s h :  DRY FILM LUBE OVER CADMIlM PLATE 
Bolt  F i n i s h :  D m S E D  NICKEL-UIP(IUM PLATE Washer P a r t  No. : ~N960-516 
Bolt S p e c i f i c a t i o n .  p ~ u  2 7 9 2 3 ~  Hole Sire: 8.03 m ( 0.316 i n . )  
SPECIMEN NO.M-T66 SPECIHEN NO.M-T67 SPECINEN NO. K-T68 SPECIMEN NO. M-T69 SPECDEN NO. M-T70 
INDUCED CL4MP LOAD 
150 I T  1 5  790 3;SSO 17 390 Si910 16 370 3;680 16 770 3 ; 7 7 0  16 860 3;790 ::::: I 225 Tf I( 25 800  1 ::8:: I 26 020 1 ::83: I 25 220 1 :::6: I 25  350 1 2::7: /I ;i :;: 1 5,730 
28.25 250 I T  28 910 29 130  28 160  28 650 6,480 
150 11 11 210 2;520 13 790 3;lOO 12 720 2;860 12 940 2.910 1 0  900 2,450 :!::: I 225 ff 11 20 460 I :if: I 21 350 1 ::+:: (1 20 020 I 4:; 1 20 280 I ::E; I iy :;: 1 4,190 
28.25 250 I T  23 400 23 710 22 910 23 220 4,850 
I IT u I U I U I ]I I U I 1 CYCLE& I C Y U E  1 4  11 CYCLE #4 1 CYCLE& CYCLE #4 
lz:$i 1 75 IT I/ 4 940 1 1 110 11 5 030 I 1 130 1 5 120 1 ;::I: 150 IT 11 390 2:560 11 740 2:640 11 5
25.42 225 11 20 990 4,720 18 860 4,240 18 590 4.180 
z.s.25 250 11 24 200 5,440 21 390 4,810 21 260 4.780 
I50 I T  2;490 11 030 2;490 11 610 2;610 11 880 10 310 2,250 ::::: I 225 IT 11 !ii I !::6: 11 17 750 I ;:99,: I) 18 410 I 2;;;; 11 18 730 1 Ef$i! I 16 950 I 3.810 28.25 250 IT 20 59 21 4  21 66  20 02  4.50  
I I II I II I U I Y I 
I II I ll I II I U I 
C Y U E  16 11 CYCLE #6 11 CYCLE #6 CYCLE C6 C Y C ' E  $6 
I ir I II I II I II I II I 
940 
NOIXS : 7' IT '  denotes  i n i t a l l a t i o n  torque .  
f/ Bolt-nut assembly r e s t e d  i n  Transducer Cont ro ls  load c e l l .  
I n d i c a t o r .  
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RESULTS OF DOUBLE SHEAR STRENGTH TESTS OF AN3 SERIES 
HEXAGON HEAD ALUMINUM ALLOY 427.5 MN/m2 (62 KSI) BOLTS 
D-S1 
!D-S2 
I D 4 3  i 








,041  2 
























I 1  
I t  
II 





I t  
m5DD17A 
I t  
I t  
11 
I 1  
AN6DD20 
I t  
11 
11 
I 1  
AN7DD17A 
I 1  
I t  
I t  
11 
AN8DD22A 
I 1  
I1  
I t  
I t  
--- 
I- I 
1 #I0032 ' 4.689 (0.1846 3 10 450 
4,6961 .1849 1 10 500 
11 4.729;  .1862 I 10 610 
4.719 ; .1858 1 10 790 i I1 




1 i 1/4-28 6.320 10.2488 1 7  460 
11 6.330;  .2492 17 860 
6.325 .2490 17 530 
6 .325;  .2490 1 7  570 
5/16-24 7.747 ,0.3050 25 440 
I I f  6 . 3 3 0 ,  .2492 '  1 7  790 
t 11 
I 1  
1 
I 
(I 7.742i .3048 25 710 
7,747 .3050 25 530 
I 1  7,744,  .3049 I 25 440 
7.7471 .3050 25 490 
3/8-24 9.327 i0.3672 39 590 
11 9.304 t .3663 39 500 
I 1  9 . 3 3 2 ,  .3674,  39 050 
9.365 i .3687 37 630 
9.342 i .3678 38 430 
It 10.9301 ,4303 55 420 
" 10.935,  .4305 54 580 
" 10.922; .4300 56 220 
11 
I 1  
1 
11 
I 1  
, 
I 
7/16-20 10.947 9.4310 52 930 
If 10.9421 .43082 53 910 
I 
@.D - 



























1 2 , 2 7 0  
1/2-20 12.61950.4968 68 940 15,500 
t 15,900 " 12.6031 .4962 70 270 
1 2 , 6 2 4 ,  .4970 70 280 1 15,800 
1 " 12,629 i .4972 '  70 720 15,900 








































L/ Hexa on head a i r c r a f t  machine bolt fabricated from 2024-T4 alumimtm al loy and en@ 
e r  h 3 thru AM 20 Standard. - 2/ Eouble shear t e s t e  performed on bolts previously subjected t o  tenafle rtrength - 
evaluation t e s t s ,  





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































I 1  
11 






I 1  
~ a i n r  1 
TI ire ad 









I t  
11 
I t  
7/16-20 
I 1  
I 1  
I 1  
t l  
1/2-20 
11 




TAELE go, xm E 
RESULTS OF ELONGATION AM) WDUCTION OF AREA TESTS 
OF REDUCED GAGE SECTION AN 3 SERIES ALUMINUM ALLOY BOLTS 
i m B t  specimen incarporatlng reduced gage eect  ion machined i n  bol t  
shank area from hexagon head 
aluminum a l loy  per AN 3 thru AN 20 Standard. 
noted i n  Table 
b o l t s  fabricated from 2024-T4 
2/ Evaluation teetm performed ou reduced gage eect ion bolt apeclmens 
- - - - - - _  














































TABLE NO. X I X  F 1 
RESULTS OF 15-CYCLE Ik3TALLATION TORQUE-TEVSIW TESTS OP 
AN 3 SERIES HEXAGON XeAD .ALLUMINIM ALLOY BOLTS 
TEST CCNDITION: TORQUE mm 
Bolt P a r t  No. : AN3 D D l l A  
Thread Sire: 610-32 W - 3 A  
B o l t  Macerlal: 2024-T4 ALUHINLM ALLOY 
Bolt F m i s h :  ANODIZE PER MIL-A-8625 
Bol t  S p e c i f i c a t i o n .  MIL-B-6812 
DESIGN CLAMP LOAD: 2 650 Newtons ( 595 Pounds) 
Nut P a r t  No. : 105FS-1032 
Nut M a t e r i a l :  2024-14 ALUMNW ALLOY 
Nut Finish: ANODIZE PER KLL-A-8625 (DYED BLUE) 
Washer P e r t  No.: AN960-10 
Hole Size: 4.93 mm ( 0.194 i n . )  
20  IT 
579 
II CYCLE112 11 CYCLE #2 
140 1 150 259 
I I 
CYCLE (13 I CYCLE 8 3  
20 IT It 370 I 83 11 1 000 I 224 
30 I T  1 290 291 2 010 451 
:i :: 11 1 :ti 1 2 420 1 544 
K CYCLE $3 
I/ 2 360 I 531 
CYCLE 4 CYCLE W 
30 I T  
40  IT 2 250 2 300 1 860 
45  IT 2 670 2 250 
II I I II I 
CYCLE Kb 11 CYCLE 86 /I CYCLE 1 6  
~. 
45 IT 11 2 520 1 566 11 I 11 2 310 I 519 
II I II I II I 
CYCLE #lo II CYCLE #10 1 CYCLE #10 
I 
II I II I II I 
CYCLE (115 11 CYCLE #l5 11 CYCLE 615 
I I I1 I 
30 I T  1 450 326 2 220 499 1 170 263 
40 I T  / /  2 120 1 2:: 1 2 630 1 592 I 1 810 I 407 
45 IT 2 450 2 200 49 5 
Newtons 1 (Pounds) Nevtons I (Pounds1 
CYCLE #l CYCLE 81 
I I 
NOTES ' 
T " 1 T '  denotes  i n s t a l l a t i o n  torque. 
2 1  Bolt-nut assembly t e s t e d  in Transducer Cont ro ls  load c e l l .  T e n s i l e  clamp load determined from RBI S t r 6 i n  
I n d i c a t o r .  
I I I 
CYCLE #2 1 CYCLE K2 
850 192 540 121 
348 352 1 570 
512 528 2 350 
1 550 
2 280 
I I1 I 




CYCLE #4 I CYCLE# 
CYYCLE # 5  1 CYCLE X5 
I 
I U I 
I l 
CYCLE K6 I CYCLEK6 
1 CYCLE XI0 CYCLE #10 
I il I 
I I 
1 I 
11 CYCLE #15 CYCLE K15 
6 59 
TABLE NO. Xu( F 2 
RESULTS OF LLCY'XE INSTALLATION TORQUE-TENSION TESTS OF 
AN 3 SERIES EEXAGON HEAD 4LLYIW. ALLOY BOLTS 
TEST CCNDITION: TORQJE F%cM N X  
Bolt P a r t  No. : AN3 D D l l A  
Thread  Sire: #10-32 wp-311 
Bolt Maceria l :  2024-T4 ALmmu)( ALLOY 
Yolt F l l i s t i .  ANODIZE PER NIL-A-8625 
a o i t  spec r f  , ca t  10". MIL-B-~SIL 
DESIGN U P  LOAD: 2 653 Newtons < 595 Pounds) 
Nut P a r t  No. : 60NM-02 
Nut M a t e r i a l :  2017-T4 ALLXCNW ALLOY 
Nut F i n i s h :  ANODIZE PER YIL-A-8625 (DYED BLUE) 
Waehrr P a r r  Yo.:  AX960-10 











































22 ;; 2 470 I 556 2 510 569 2 490 560 
CYCLE #4 11 CYCLE #4 11 CYCLE (U, CYCLE 64 ! CYCLE 
T I I T '  denote. installation t o r q u e .  - 21 Bolt-nut aesembly t e s t e d  in T r a n s d u c e r  C o n t r o l s  loa,; c e l l .  
I n d  icatar . 
T c n s i i e  clamp l o a d  de te rmined  from RBI S t r a i n  
660 
TABLE NO. XIX F 3 
10 I T  
RESULTS Or' 15-CYCLE INSTALLATION TORQUE-TWSIOY FBBTS OF 
AN 3 SERIES HEXAGON HEAD .ALWINUM ALLOY B9LTS 
11 CYCLE i115 11 CYCLE #15 11 CYCLE # I 5  I1 CYCLE #15 CYCLE #15 
670 150 970 217 770 174 1 050 236 800 180 
TEST CONDITION: TORQUE PKOH N'JT 
Bolt P e r t  No. : A N 3  DDliA 
Thread Size: $10-32 UyF-3A 
Bolt Material : 2024-T4 AI.MINUN ALLOY 
E d L t  Finish: ANODIZE PER MIL-A-8625 
ro!t SpecificatLon. ~ 1 ~ - ~ - 6 8 1 2  
DESIGN CIAW LOAD: 2 650 Nevtona ( 595 Pounds) 
Nut Part No.: W - 0 2  
Nut Material: 2014-T6 ALUMINUH ALLOY 
Nut Finish: ANODIZE P W  MIL-A-8625 (DYED BLUE) 
Washer Part No. : AN960-10 












































CYCLE 112 11 CYCLE 8 2  It CYCLE #2 I CYCLE /f2 CYCLE I2 
I 
22 IT 2 540 I 572 2 450 550 2 580 579 2 600 584 
CYCLE (r3 CYCLE #3 I CYCLE #3 CYCLE #3 CYCLE +3 
I 1 
II 1 P 1 
CYCLE 04 1 CYCLE #4 11 CYCLE #4 n C Y C L E %  I CYCLE#* 
10 I T  890 201 950 214 890 201 1 260 28* ll 910 I 206 
T I I T *  denotes installation torque. 
- 21  Bolt-nut assembly tested in Transducer Controls load celi. 
Indicator. 
Tensile clamp load determined f r w  RBI Strafu 
661 
TABLE NO. X U  F 4 
RESULTS OF 15-CYU-E INSTALLATION TORQUE-TENSIOY TESTS OF 
AN 3 SEaIES HMAGON HEM ALMINM ALLOY d3LTS 
TEST CONDITION: T03QUB FRCU BOLT HEM 
Bole Pert No. : AN3 D D l l A  
Thread Size: $10-32 UNF-U 
Bolt Material: 2024-14 ALMiNW 
Bolt  F i n i s h :  ANODIZE PKR !41L-A-8625 
Bolt Specification. MIL-B-6812 
DESIGN U P  LOAD: 2 653 Nevrona ( 395 Pounds) 
Nut Parr  No.: 105FS-1032 
Nut Material: 2024-T4 ALUMINUM ALLOY 
Nut Finish: ANODIZE PER YIL-A-8625 (DYED BLUE) 
Washer P a r t  No. : AN960-10 
wolc Size: 4.93 m ( 0.194 i n . )  
2.26 20 IT 
4.52 40  IT 
3.39 30 IT 
2.26 20  IT 
4.52 40  IT 
3.39 30 I T  
2.26 20 IT 
4.52 40 IT 
3.33 30 I T  
2.26 20 IT 
3.39 30 IT 
4.52 40 IT  
2.26 20 IT 
4 .52  40 11 
3.39 30 I T  
SPECMEN N0.D-116 SPECIMEN N0.D-TI7 SPECMEN NO. D-118 SPECMEY NO. D-119 SPECMEI YO.D-T20 
INDUCED C L A W  LOAD 
NOIES : 1/ 'IT' denotes  installation to rque .  
21 Bolt-nut aseembly t e s t e d  in Transducer  C o n t r o l s  load c e l l .  Tensile c l a m p  load  determined from RBZ Strain 
I n d i c s r o r .  
662 
TABLE NO. XIX F 5 
RESULTS OF 15-CYCLE INSTALIATION TORQUE-TENSIOX TESTS OF 
AS 3 SERIES HEXAGON HEAD ALUMINUX ALLOY BOLTS 
DESIGN CLAMP LOAD: 2 650 Wewtoni ( 595 Pound*) TEST CONDITION: TORQUE FROM BOLT W A D  
Bolt  P a r t  NO.: AN3 D D l l A  Nut P a r t  No. : 68Nll-02 
Thread S i z e :  010-32 U.W-U Nut Materiel: 2017-T4 ALMINM ALLOY 
Bolt  M a t e r i a l :  2024-T4 ALIMINUX ALLOY Nut Finish: ANODIZE PER MIL-A-8625 (DYED SLUE) 
Bolt  Finish: ANODIZE PES MIL-A4625 Washer P a r t  NO. : AN960-10 













1 0  I T  
1 5  I T  
20 IT  
22 I T  
SPECMEN NO.D-T21 11 SPECINEN NO.D-TZ2 11 SPECDEN NO.D-T23 I SPECIMEN NO.D-T24 
INDUCED CLAMP LOAD 
1 SPECIMEN NIXDpTz5 
lewtonb 1 (Pounds) 1 Newtons I (Pounds) I Newtons I (Pounds 
CYCLE $1 11 CYCLE K 1  
1 000 224 850 192 340 76 
1 690 380 1 410 316 1 150 259 
2 520 566 2 100 473 2 060 464 
2 650 595 2 390 537 2 350 528 
I, I 
CYCLE #2 11 CYCLE #2 11 CYCLE 112 
2 300 444 
2 563 524 
I I! I II I 
CYCLE +3 11 CYCLE 6 3  11 CYCLE 1 3  
750 
2 250 1 820 
2 490 
1 660 1 690 1 830 412 
1 860 
CYCLE 22 CYCLE #2 





CYCLE #5 CYCLE #5 
1 760 1 720 
1 8 9 3  
430 470 105 
1 070 
1 730 1 $ 1 1 %  86 419 
CYCLE 115 CYCLE 115 
1 130 227 
1 690 352 
1 930 
NUTES * 
'/"IT' denotes  i n s t a l l a t i o n  torque .  
21 Bolt-nut assembly t e a t e d  i n  Transducer  C o n t r o l s  load c e l l .  Tensile clamp load  determined from RBI Strain 
I n d i c a t o r .  
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TABLE NO. XIX F 6 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 




1 9 6 0  440 
3 380 760 
4 310 970 
I 1 
CYCLE #I5 CYCLE #I5 CYCLE 115 
589 130 270 63 400 90 
2 360 530 2 220 500 2 050 460 
4 140 930 4 360 380 3 420 770 
5 430 1,220 , 5 780 1,301) $ 400 99 0 
TEST CONDITION: TORQUE FRp(M PRiT 
Bolt P a r t  No.: AN4 DDllA 
Thread  S i z e :  1/4-28 UNF-U 
Boir Material: 2024-T4 ALWiMM ALLOY 
E O i t  F l a i S h :  AlODIZE PER MIL-A-8625 
B o l t  SpeclfIcation. ~ 1 ~ - ~ - 6 8 1 2  
DESIGN CLAMP LOAD: 4 890 Newton. ( 1,103 Pounds) 
Nut Part No. : 75FS-428 
Nut M a t e r i a l :  2024-T4 ALIJMINW ALLOY 
Vut Finish: ANODIZE PER YIL-A-8625, TYPE 1 
Washer P a r t  NO. : AN960-416 







I ,  
i n -Lbf)  
-  
15 IT 
30 I T  
45 I T  
55 I T  
760 1 170 I 800 I 180 I 620 1 1 4 0  I 670 1 150 1 620 I i;: I 
2 360 530 2 450 550 2 540 570 2 490 560 2 360 
3 780 850 4 000 900 4 270 360 4 310 970 4 050 910 
4 890 I 1,100 I. 5 160 I 1,160 5 430 1,220 5 560 1.250 5 200 1,170 
CYCLE I2 0 CYCLE 112 CYCLE 6 2  CYCLE C2 CYCLE "2 














15 IT  
33 IT 
45 I T  
55 IT 
15 IT 
30 I T  
45 IT 
55 IT 
IS I T  
30 IT 
45 I T  
5s IT 
I U I U I I I U I I 























15 I T  
33 I T  
4 5  IT  
55 I T  
-- 
15 IT  
33 I T  
45 I T  
5 5  I T  
-- 




I/ I II I 
CYCLE K4 CYCLE #6 CYCLE #b CYCLE P b  
I U 

















I II I 11 I U I 
C Y a E  011 11 CYCLE l y l l  1 CYCLE H11 11 CYCLE 1111 n CYCLE #i i  
180 40 670 153 360 80 350 80 440 100 15 I T  
30 I T  
4 5  I T  





1 820 410 2 030 450 2 270 510 2 180 490 2 000 450 
3 380 1 760 11 3 470 I 780 11 1, 050 I 910 1 4 360 1 980 /I 3 420 I 770 1 4 540 1,020 4 450 1,030 5 250 1,180 5 690 1,280 4 490 1.010 
CYCLE CIS 
3 070 






15 I T  
30 IT 
4 5  IT 
55 I T  
V'IT' denote# installation torque. 
21  Bolt-nut amsernbly tasted in T r a n a d a c e r  C o n t r o l s  l oad  c e l l .  
Indicator. 




TABLE NO. XIX F 7 
RESULTS OF 15-CYCLE INSTALIATION TORQUE-TENSION TESTS OF 
AN 4 SERIES HEXAGON HEAD ALMINLM ALLOY BOLTS 
TEST CONDITIOX: TORQUE FRW 
B o l t  Part No,: AN4 D D l l A  
Thread Sire: 114-28 UNF-3A 
Eakt Materiel: 2324-14 ALMINUM ALLOY 
B0. t  F l ' l i s h :  ANODIZE PER MIL-A-8625 
Bol t  SpeclfIcat lon.  UIL-A-6812 
DESIGN CLAMP LOAD: 4 890 Newton. ( 1,100 Pounds1 
Nut Part No. : 68NE-048 
Nut Hater ia l :  2017-T4 ALUMINUM ALLOY 
Nut Finish:  ANODIZE PER MIL-A-8625, TYPE 1 
Washer Part No.: AN960-416 
Hale Size: 6.452 mn ( 0.254 in.) 











































E SPECIMEN NO. D-T31 SPEC- NO.D-T32 SPECIMEN NO.D-T33 SPECIMEN NO. D-T34 SPECIMEN NO. D-T35 
- I '  INDUCED 
15 I T  
30 IT 




45 I T  
60 I T  
! CYCLE #l 
I 
11 4 890 I 1,100 1 5 120 I 1,150 
CYCLE #2 11 CYCLE #2 











CYCLE W6 CYCLE ff6 
1 5  I? 
1 870 420 
3 690 830 
,OM 11 5 470 I 1,230 
I I 
CYCLE #10 CYCLE #IO 
15 XT 220 50 310 70 
30 I T  1 510 340 2 050 460 
45 I T  3 I10 700 3 960 890 
60 I T  4 670 1,050 5 780 1,300 
CYCLE CYCLE #ll # l l  
15 IT - 270 60 
30 I T  1 560 350 1 870 420 
45 I T  2 940 660 3 690 830 
60 I T  4 710 1,060 5 690 1,280 
II  I II I 
11 C Y U E  #15 11 CYCLE #15 
MF LOAD 
Newtons I (Pounds) I Newtons 
- CYCLE # l  I CYCLE #l 
((Pounds) 1 Newtons I (Pounds) 
360 80 310 70 220 50 
1 780 400 1 600 360 320 1 420 
3 560 800 3 340 750 580 2 580 
5 160 1.160 5 030 1,130 4 890 1,100 
I 1 1 U 1 
CYCLE #2 I CYCLE 62 11 CYCLE #2 
50 
1 ',:: I $ I 1 ',:E 1 1 1 2:", 1 320 
3 420 3 340 3 290 740 
5 070 1,140 5 120 1,150 5 250 1,180 
I U 1 II 
CYCLE 114 1 CYCLE# 
270 60 220 50 1 yr 30 
1 690 320 
3 470 1 ;:i 1 \ % 1 % I \ iii I 760 
5 070 1,140 4 800 1,080 5 200 1,170 
220 50 220 220 50 
I II 1 1 
I II 1 1 
CYCLE 916 CYCLE #6 1 CYCLE 116 
270 60 220 
CYCLE #lo CYCLE #10 1 CYCLE #10 
I 1 1 A 1 
310 70 270 70 
!, i:: 1 1 ; :;: I ;:i I 1 310 7 80 
5 290 1,190 4 980 1,120 5 560 1,250 
1 690 320 
3 470 1 % 1 i ?:: I ?: I i :::", 1 770 
5 160 1,160 4 800 1,080 5 430 1,220 
NOTES : 7' I T '  denotes in s t a l l a t ion  torque. 
21 Bolt-nut essemblv tes ted in Transducer Controls load cell. Tensile clamp load determined from RBI Strain - 
Indicator .  
TABLE NO. XIX F a 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
AN 4 SERIES HEXAGON HEAD ALMINUM ALLOY BOLTS 
DESIGN CLAPLP LOAD: 4 890 Newton. ( 1,100 Pounds) 
Nut P a r t  No.: NMJ-048 
Nut M a t e r i a l :  2024-T6 ALMINM ALLOY 
Nut Finish: ANODIZE PER MIL-A-8625 (DYED BLUE) 
Washer Part NO.: AN960-416 
nole Size: 6.452 m ( 0.254 i n . )  
1.69 15 IT 
3.39 30 I T  
5.08 45 IT 
1.69 15 IT 
3.39 30 IT T5.08 45 IT 
1.69 15 IT 1 I 1; : 
1 1.69 1 15 IT 3.39 30 I T  5.08 4  IT 
I/ 
15 IT 1 1 30 I T  
45  I T  
NOTES : 
21 
' IT '  denotes  i n s t a l l a t i o n  torque .  
Bolt-out assembly t e s t e d  i n  Transducer  Controls load c e l l .  
Indicator. 
T e n s i l e  c l amp  load determined frm REI S t r a i n  
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TABLE NO. X I X  F 9 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
AN 4 SERIES HEXAGON K U D  ALIMINUM ALLOY BOLTS 
TEST CQTDITION: 
Bolt Pert No.: AN4 DDllA 
Thread Size: 1/4-28 DNF-3A 
Bolt Matoriel: 2024-T4 ALLTMINun ALLOY 
Bolt Finish: ANODIZE P W  MIL-A-8625 
bolt S m c i f i c a r i o n .  MIL-8-6812 































































































DESIGN cLAE(p LOAD: 4 890 Newton# ( 1,100 Pounds) 
Nue Pare No. : 75PS-428 
Nut Material: 2024-T4 ALUPIIIPIM ALLOY 
Nut Finish: 
Washer Part NO. : AN960-416 
Hole Sire: 6.452 mm ( 0.254 in.) 
ANODIZE PER MIL-A-8625, TYPE 1 
NOTES : 7'IT' denotes installation torque. 
21 Bolt-nat assembly tested in Transducer Controls load cell. Tensile clamp loed determined frm BBI Strain - 
Indicator. 
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TABLE NO. Xu( F 10 
RESULTS OF 15-CYCLE INSTALUTIOV FORQLIE-TENSIOY TESTS OF 
AN 4 SERIES KEXAGON HEAD 4LM1SLPl AILOY BOLTS 
TEST CONDITION: TmQuE FR(M EOLT HEAD 
Bolt Part No. : AN4 DDILA 
Thread Sire: 1/4-28 LNF-3A 
n u i t  Marerral: 2024-14 ALmIHUN ALLOY 
Kuit E i n l h h :  ANODIZE PW MIL-A-8625 
Rolt  S o r c i f i c a t r o n .  MIL-A-6812 
DESIGN cur tp  LOAD: 4 890 Newtons ( 1,100 Pounds) 
Nut P a r t  No. : 68NE-048 
Nut Meterial: 2017-T4 A!.lj?tlhTlY ALLOY 
Yiut Finish: 
Uaehcr P a r r  To. : AN960-416 
Hole S i r e :  6.452 m 0.256 in.) 
ANODIZE PSR XIL-A-8625, TYPE 1 
1.69 15 IT 
3.39 30 IT 
5.08 45 IT 
6.21 60 IT 
15 IT 
30 I T  
5.08 45  IT 







45  IT 
60  IT 
1.69 15 IT 
3.39 30 IT 





1.69 1 15 IT 
I SPECIMEN NO. D-T46 SPECMCI N0.D-T47 SPECIMEN SO. D-T48 SPLCMEN N0.D-T49 SPECI3Eh SO.D-TS0 
2 000 1 380 
3 2w 
I U , 
CYCLE # l 5  CYCLE 0 1 5  CYCLE (115 CYCLE 015 CYCLE d15 
360 80 530 120 220 50 270 60 270 69  
1 690 380 1 650 370 I 110 250 I 420 320 1 290 230 
2 710 610 2 490 560 2 180 490 2 580 580 2 400 540 
3 740 840 3 340 750 3 510 790 1 780 850 3 560 800 
I /I I I1 I II I I 
7 : ' I T '  denotes  i n s t a l l a t i o n  torque .  
- 21 Bolt-nut assembly t e s t e d  in Transduccr Cont ro ls  loa<' c r l l .  
I n d i c a t o r  . 
linslle clamp load determined frm RBI S t r a i n  
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TABLE NO. XIX F 11 
RESULTS OX 15-CYCLE 1NSTALLATION TORQUE-TETSION TESTS OP 
AN 5 S E R I E S  HexACON HEAD ALUMXNW ALLOY BOLTS 
TEST CONDITION: TOltQLZ FRCM YUT 
Bol t  Part S o . :  AN 5 D D l i A  
Thread Sire: 5,'16-24 L W - 3 A  
Ba:t !41arcriai: 2024-T4 ALUIIlNUH ALLOY 
Po![ Finis:!: ANODIZE PER MIL-A-8625 
i .u!t  S p r c i f ~ ~ a t i o ? .  MIL-B-6812 
DESIGN CLAMP L M D :  7 740 Newtons ( 1,740 Pounds) 
Nut Pert No. : 75 FS-524 
Nut Mater ia l :  2024-T4 ALUMINUM ALLOY 
?Jut F i n i s h :  ANODIZE PER MIL-A-8625,  TYPE 1 
Washer P a r t  No. : AN960-516 
Hole Size: 8.03 mm ( 0.316 i n . )  













11 CYCLE #3 
50 I T  1 160 
75 I T  2 580 
100 I T  4 230 





50 I T  
130 I T  1,190 
II I 
CYCLE 1 5  
I 
50 I T  I 020 230 
1:: :: I) : 2: I ,':: 
CYCLE t15 
I 
INDUCED CtAMP LOAD 
440 
:3;? 1 1 i % 1 ;;: I i ",: 1 z: I 1;: 1 830 
6 000 1,350 4 980 1,120 5 380 1,210 5 650 1,270 
8 140 1,830 7 160 1,610 7 700 1,730 7 830 1,760 
I [I I I I n I 
CYCLE 12 u CYCLE 12 I CYCLE #2 11 CYCLE X2 
I n I 1 I I I 
400 ; % ;:: I i: I 760 
4 800 1,080 5 070 1,140 
6 670 1,500 6 980 1,570 
I,  
CYCLE 13 11 CYCLE +3 CYCLE 13 
650 I 370 n lo I 250 1 560 350 1 650 370 
3 340 I 750 1 2 540 1 ii: 1 2 890 
5 030 1,130 4 180 4 310 
6 760 1,520 5 780 1,300 6 050 1, 1 
6 360 I 1;430 (1 5 160 1 1,160 1 5 740 I 1,290 1 5 870 1 1.320 
I I 1  
CYCLE Xll 11 CYCLE X11 11 CYCLE 111 n m C L E  #ii 
I 330 300 620 140 980 220 1 020 230 
1 600 I 360 I( 620 1 140 11 1 020 1 230 11 890 I 200 
NOTES : 1/ ' I T '  denotes i n s t a l l a t i o n  torque. 
- 21 B o l t - n u t  assembly t e s t e d  i n  T r a n s d u c e r  C o n t r o l s  l o a d  cell. 
Indicator . Tensile clamp load determined from R B I  S t r a i n  
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TABLE NO. X I X  F 12 
RESULTS OF 15-CYCLE INSTALIATION TORQUE-TENSION TESTS OF 
AN 5 SERIES HEXAGON HEAD ALU?(INUM ALLOY BOLTS 
TEST CONDITION: TCRQLJE FR@4 hUT 
Bolt Part NO.: AN5 DD17A 
Thread Sire: 5/16-24 W - 3 A  
Bolt Mater ia l :  2024-T4 ALLR4IMin ALLOY 
Hult  F i n i s h :  ANODIZE P W  MIL-A-8625 
Bol t  S p e c i f i c a t i o n .  "1~-~-6812 
DESIGN CLAHP LOAD: 7 740 Newrone ( 1,740 Pounds) 
Nut P a r t  No. : 105 FS-524 
Nut Material :  2024-T4 ALUMINUM ALLOY 
Y u t  F t n i b n :  ANODIZE PER MIL-A-8625 (DYED BLUE) 
washer P a r t  U O . :  ~ ~ 9 6 0 - 5 1 6  












































50 I T  320 
II II 1 II 1 U 1 U 
CYCLE #io 11 CYCLE 110 11 CYCLE 110 CYCLE # i n  CYCLE 1110 
1 li 1 
_. 
6 720 1,510 
I CYCLE 1/11 I CYCLE #11 
1 1 1 
135 I T  6 000 I 1,350 6 850 11540 
CYCLE N 1 1  CYCLE til I CYCLE #I1 
6 70 
NOTES : 7'IT' denotes i n s t a l l a t i o n  torque. 
T_! Bolt-nut assembly tes ted in Transducer Controls load I< 11. Tcnailt clamp l a d  determined f rw RBI S t r a i n  
I n d i c a t o r .  
TABLE NO. xu( F 13 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
AN 5 SERIES HESAGON HEAD ALUMINM ALLOY BOLTS 
50 IT 
TEST CONDITION:  TORQUE VXCW BOLT HEM, 
Bolt Part NO. : AN5 DD17A 
Thread Size: 5/16-24 m-u 
Bolt Mater ia l :  2024-T4 ALLMINIM ALLOY 
B o l t  Finisn: ANODIZE PER XU-A-8625 
Bol t  Specification. MIL-B-6812 
CYCLE #6 11 CYCLE116 CYCLE 86 u CYCLE 66 
I zoo 210 360 80 1 250 280 1 200 270 ii i" 190 
DESIGN cuLE(p LOAD: 7 740 Newtons ( 1,740 Pounds) 
Nut Par t  No. : 75FS-524 
Nut Material: 2024-T4 ALIMINIM ALLOY 
Nue Finish: 
Washer Part No.: -60-516 
~ o 1 e  Size: 8.03 mm ( 0.316 i n . )  
ANODIZE PER MIL-A-8625, TYPE 1 
50 I T  
75 I T  
100 I T  
135 I T  
II II n U 
CYCLE 615 CYCLE 1115 CYCLE 615 CYCLE #15 CYCLE #I5 
980 220 710 160 710 160 980 220 710 160 
2 360 530 2 180 490 1 780 400 2 220 500 2 180 49 0 
4 000 903 3 740 840 3 290 740 3 780 850 3 780 850 











































50 I T  270 I 680 
1,100 4 710 1,060 
1,650 7 120 1,600 I E: I 
U I I I I, 
I U I II I I I I I 
CYCLE 63 II CYCLE #3 11 CYCLEif3 CYCLE 1 3  I CYCLE #3 
4 400 
II I II I I I n I 
CYCLE #10 I] CYCLE #10 11 CYCLE 810 I CYCLE #IO n CYCLE #lo 
f I, I I I, I I1 I 
II I I I I 
11 CYCLE #I1 11 CYCLE #11 11 CYCLE 111 11 CYCLE #I1 
220 400 90  890 200 890 200 710 160 
I I  I II I I1 I I1 I u I 
NOTES: 
- 21 
' IT' denotes i n s t a l l a t i o n  torque. 
Bolt-nut assembly tes ted in Transducer Controls l c a d  c e l l .  
Indicator  . 
Tensi le  clamp load determined from RBI Strain 
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TABLE NO. XIX F 14 
RESULTS OF ~ ~ - C Y L Z E  INSTALLATION TORQUE-TENSION TESTS OF 
AN 5 SERIES HEXAGON HEAD ALUMINUM ALLOY BOLTS 
TEST CONDITION: TORQUE FR(M KOLT HEAD 
Bolt Part NO.: AN5 DD17A 
Thread Size: 5/16-24 UNF-3A 
Boit Material: 2024-T4 ALW.INuH ALLOY 
B o l t  Finiah: ANODIZE PER MIL-A-8625 
r,oit speelfi'arian. U IL-B-~~H 
DESIGN CLAW LUD: 7 740 Newton8 ( 1.740 Pocnds) 
Nut Part No. :  10513-524 
Nut Material: 2024-T4 ALUXIWY ALLOY 
Nut Finish: ANODIZE PER MIL-A-8625 (DYED BLUE) 
Washer Part No.: AN960-516 











































50 IT 1 910 430 
75 IT 3 650 820 
100 IT 6 540 1,470 
125 IT 8 540 1,920 
II I 
CYCLE N 2  
I 
50 IT 2 450 550 
75 11 4 140 930 
100 IT 11 5 830 1 1.310 
11 CYCLE #3 
50 IT 
75 IT // 1 ,~~~ 
100 IT 




CYCLE 1 5  m 
75 IT 2 760 620 
100 IT 













75 IT 740 
125 IT 1,370 
INDCCED CIAMP LOAD 
iewtOn6 (Pounds) Newtons (Pounds) 
I II I 
CYCLE 8 1  n CYCLE 
CYCLE $12 11 CYCLE 8 2  
8 270 I 1;860 1 7 960 1;790 
CYUE 113 CYCLE $13 
I I 
CYCLE N4 CYCLE it(, 
1 820 410 7 60 170 
I 
CYCLE 65 11 CYCLE115 
1 650 370 580 130 
Newtons I (Pounds) 
CYCLE n l  
1 780 1 400 
3 960 890 
5 870 1.320 
3 470 780 
7 380 1,660 
5 560 1 1,250 
710 
1,140 
7 030 1,580 
CYCLE $)4 
4 890 1.100 
6 670 
CYCLE N5 
4 540 I ,020 





I 110 250 
2 620 I 590 
4 310 970 
6 000 I 1,350 
 
CYCLE 1111 
1 070 240 
2 490 560 
4 090 1 920 
5 830 1.310 
CYCLE N15 
4 360 
5 870 1,320 
Yewtons (Pounde) 
CYCLt t l  q 0 000 ;:if 
CYCLE $12 
1 560 350 
3 650 820 
5 740 1 1,290 
7 870 1.770 
1 CYCLE 470 '7 330 
3 510 790 
CYCLE u4 
1 420 320 
3 380 7 60 
5 ZOO 1,170 
7 120 1.600 
CYCLE C5 
1 250 280 
2 980 I 670 
4 580 1.030 




620 4 an i 1% 
CYCLE 015 
 
1 110 250 
2 800 I 630 
6 400 990 
NOTES : 
- 21 
'IT' denotes installation torque. 
Bolt-nut assembly tested i n  Transducer Controls l o a d  cell. 
Indicator. 
T e n s i l e  clamp load determined frw RBI Strain 
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TABLE NO. X U  F 1 5  
FSSULTS OF 15-CYUE INSTALLATION TORQUE-TENS103 TESTS OF 
AN 6 SERIFS KEXAGON HEAt! ALUMINUN ALLOY BOLTS 
TEST CONDITIO&: TCRQUE FRm 
Bolt Par t  No.: 4x6 DD20 
Thread Size: 3/8-24 m-3 
Bolt Material: 2024-T4 ALLMINIM ALLOY 
H o L r  Fiilih: ANODIZE PE3 MIL-A-8625 












































200 IT  




200 IT  
275 IT  
100 I T  
150 IT  
200 IT 
275 I T  
-. 
100 I T  
150 I T  
200 I T  
275 IT 
- 
100 I T  
150 IT 
ZOO IT 
275 IT  
100 IT 
150 IT 
200 I T  
275 IT  
- 
100 IT  
150 IT  
275 IT 
200 I T  
DESIGN cI.AnF LOAD: 12 050 Newton. ( 2,710 Pounds) 
Nut P a r t  No, : 75FS-624 
Nut Materiel: 2024-T4 ALuplINllM ALLOY 
Nut Finish: 
Washer P a r t  No. : AN963-616 
Hole Size: 9.627 mm ( 0.379 i n . )  
ANODIZE PER MIL-A-8625, TYPE 1 
II II U n 1 
SPECIMEX NO. D-T71 11 SPECIMEN NO. O-T72 SPECIMEN NO. D-T73 1 SPECINEN NO. D-T74 11 SPECIMEN NO. D-T75 
INDUCED CLAN2 LOAD 
I 
CYCLE #2 1 CYCLE 62  11 CYCLE 8 2  
I E I I1 I 
2 580 1 580 I 2 540 1 570 1 1 730 1 390 
4 850 1,030 4 980 1 ,120  4 230 950 
7 340 1,650 7 703 1,730 7 160 1,610 
12  410 2,790 11 970 2 ,690  11 120 2 ,503  
I U I U I 
I I1 I n I 




I U I 
CYCLE #5 1 CYCLE C5 
2 220 500 2 140 480 
4 360 
6 490 1 1,:;: I % I 1,:;: I 
1 0  270 2,310 11 030 2,480 
4 450 1,000 4 230 950 
6 670 1 1,500 I 6 540 1 1,470 I 
10 050 2,260 10 100 2,270 
CYCLE 4111 CYCLE #11 
4 270 4 090 




' IT '  denotes  i n s t a l l a t i o n  torque .  
Bolt-nut assembly t e s t e d  i n  Transducer  C o n t r o l s  l o a d  c e l l .  
I n d i c a t o r .  
T e n s i l e  clamp load  determined from RBI S t r a i n  
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TABLE NO. XIX F 16 
AN 6 SERIES HEZAGON HEAD .4LuMINP4 ALLOY BOLTS 
RESULTS OF 15-CYCLE INSTALLATION TORQW-TEXSION TESTS OF 
50 IT 




TEST CONDITION: TORQUE FRopl WI 
Bolt Part No. : AN6 DD20 
Thread Size: 3/8-24 m-3A 
Bolt M a t e r i a l :  2024-T4 AL~MIMM ALLOY 
8uiL F~%ia;.: M03IZE PER NIL-A4625 
Holt Specificat ion. MILL-B6812 
1 330 3w 1 290 290 1 200 270 1 250 280 1 200 270 
3 340 750 2 940 660 2 980 670 ' 3 5 430 34 1 1,;;; 3 4%; 1 1,;;; 
5 290 1,190 5 250 1,180 5 340 1,200 
9 700 2,180 9 920 2,230 10 310 2,250 10 103 2,270 1 0  010 2 , 2 5 0  
7 340 1,650 7 250 1,630 7 610 1,710 7 520 1 ,690  1,700 
CYCLE #5 CYCLE $5 CYCLE 1)5 . CYCLE C5 1 CYCLE U 5  
DESIGN CLAMP LOAD: 12 050 Newtons ( 2,710 Pounds) 
Nut Part No. : 68NE-064 
Nut Material: 2017-T4 ALLPtIW ALLOY 
Nut Finish: AXODIZE PER XL-A-8625 
Washkr Part 8 0 . :  AN960-616 




























1 290 290 
3 380 760 
5 650 1 ,270  
50 IT 1 380 310 1 200 270 1 330 303 
100 I T  3 560 800 2 980 670 3 160 710 
150 IT 5 690 1 ,280  5 340 1,203 5 740 1,290 5 690 1,280 
250 IT 9 920 2,230 10 230 2,300 10 540 2,370 10 450 2,350 I 10 533 2,360 
200 I T  7 830 1,760 7 430 1,670 8 100 1 ,820  7 960 1,790 8 010 1 ,800  
CYCLE #6 CYCLE N4 CYCLE 114 CYCLE 114 1 CYCLE 06 
5.65 













50 IT 1 070 240 980 220 1 200 I 070 1 020 230 
2 890 2 620 590 650 
4 890 1 ,100  4 630 1,040 
100 IT 2 807 630 2 670 639 
7 120 1 ,600  6 767 1 ,520  6 630 1,490 207 IT 7 290 1,640 6 270 1.410 
250 IT 10 270 2,310 8 500 1,910 9 610 2,160 9 340 2,100 8 630 1,940 
240 
150 IT 4 940 1,110 4 490 1,010 5 070 1,140 
NOTES: 
'IT' denatea i n s t a l l a t i o n  torque. 
21 Bolt-nut assembly teated in Transducer Controls load c e l l .  Tcnsilb clamp load determined frm RBI S t r a i n  - 
I nd lca tor. 
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TABLE NO. XIX F 17 
RESULTS W 15-CYCLE INSTALLATION TORQUE-TEXSION TESTS OF 
AN 6 SERIES HEXAGON READ ALUXXIIHLM ALLOY BZTS 
TEST CONDITIOS: TORQUE PROM BOLT HWJ) DESIGN CLAMP LMD: 12 050 Newtons ( 2,710 Pounds) 
Bolt Part No. : AN6 DO20 Nut Part No.: 75FS-624 
Tiiread S i r e :  3/8-24 ~ w - 3 ~  Nut Material: 2024-T4 ALWNLM ALLOY 
Bolt %!aterre l :  2024-T4 &mm & ~ o y  Nut Finish: ANODIZE PER MIL-A-8625, TYPE 1 
3>:t F i n i s h :  ANODIZE PER MIL-A-8625 Washer Part No.: AN960-616 


















































( i : i - : b f )  
50 I T  
150 I T  
200 I T  
260 IT 
Lao IT 
50 I T  
100 I1 
153 IT 
200 I T  




203 I T  
263 I T  






100 I T  







263 I T  
50 580 130 
540 2 800 630 2 980 670 
1,270 6 000 1,350 6 050 1,360 
1,860 8 720 1,960 8 810 1,980 
2,600 12 320 2,770 11 920 2.680 
CYCLE 1 2  CYCLE #2 CYCLE #2 CYCLE #2 CYCLE 112 
I I I I I I 
 ! -  1  I 
I n 
100 130 30 400 90 
610 2 ;80 490 2 ;lo 1 5;O 2 490 560 2 710 
1,050 
7 120 1,603 7 960 1,790 7 070 1,590 7 030 1 580 
IO 103 2.270 10 $10 2.340 11 30 2.550 ~ lo 1Ln 9 7 ~ n  9 790 2:200 1f 1 l,:rl 5 470 1,230 4 850 1,090 4 710 1,060 4 580 1,030 4 670 
710 
2 853 1 kt: 1 2 % 1 6; I 3 :'% 1 % 1 2 % 1 I 2 z:: 1 % I 
5 20'3 1,110 4 710 1,050 5 520 1,240 4 670 1,050 4 630 1,WO 
7 700 1,733 5 890 1,553 3 270 1,860 6 940 1,560 6 890 1,553 
9 340 2,100 3 470 2,133 9 740 2,190 11 080 2.490 9 700 2,180 
4 710 1 053 4 050 910 5 160 1,160 4 230 950 4 630 1,040 
6 980 I 1:570 / /  6 320 I 1,420 11 7 520 I 1,630 /I 5 360 1 1,430 11 6 670 1,500 
8 410 1,890 8 810 1,980 10 010 2,250 8 630 1,940 8 850 1,990 
NOTES: 
'IT' denotes installation torque. 
Indicator. 
21 Bolt-nut assembly tested in T r a n s d u c e r  Controls load cell. Tensile clamp loed determined from RBI Strain 
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TABLE NO. XLX F 18 
RESULTS OF 15-cXc~E INSTALLATION TORQUE-TENSION TESTS OF 
AN 6 SKXlES HEXAGON HEAD ALUMINUM ALLOY BOLTS 
TESI CONDITION: TORQUE FPM BOLT HEAD 
Bolt  P a r t  No. : AN6 DDZO 
Thread Size: 3/8-24 UNF-3A 
Bolt M a t e r r s l :  2024-T4 ALLMINT4 ALLOY 
h l t  F i n i a n :  ANODIZE PBR MIL-A-8625 
Bolc Specification. MIL-8-6812 
DESIGN CLAMP LOAD: 1 2  050 Newton0 ( 2,710 Pounds) 
Nut P a r t  NO.: 68NE-064 
Nut M a t e r i a l :  2017-T4 A L M I N l M  ALLOY 
Nut F i n i s h :  ANODIZE PER NIL-A-8625 
Washer P a r t  NO.: Ai960-616 
Hole Size: 9.627 rn ( 0.379 in.) 
TOR UE p 
5.651 50  I T  
11.30 IW I T  
16.95 150 IT 
22.60 200 IT 
28.25 250 IT 
5.651 50 IT 
11.30 100 IT 
22.60 200 ;; 
26-25 I 250 I T  
16.95 150 IT 
22.60 203 IT 
28.25 250 IT 
50 IT 
I::{ LO3 I T  
16.95 150 IT 
SPEC- NO. D-'186 SPECIMEN 80. D-T87 SPECIMEN NO. D-T88 SPECIMEN NO. D-T89 SPECKYE\ \O.  D-T90 
INDUCED CLAMP LOAD 
I CYCLE ill 0 CYCLE 111 n I 
1 600 
CYCLE # 5  11 CYCLE05 11 CYCLE#5 
I I1 I II I n I 
240 % :",;: I 690 
4 630 1,040 6 490 1 ,460  5 290 1,190 5 3$0 1.200 
6 940 1 ,560  X 760 1,970 7 470 1 ,680  7 610 1,710 
9 470 2,130 12 010 2,700 10 270 2,310 10 190 2,290 
760 170 1 420 320 1 020 
2 671 600 3 960 890 3 110 
2 490 
260 L;:", 1 % 1 1 % 1 izi 1 650 
4 980 1,120 6 003 1,350 5 380 1,210 5 070 1,140 





10 140 2,280 11 21.. _,__" _ _  . - - * - - -  1, I .  
CYCLE #11 CYCLE #11 CYCLE 811 
I1 I 
180 i 420 250 
620 3 470 1 % // % 1 % 1 % I 630 803 2 760 
4 890 1.100 5 960 1 ,340  4 980 1,120 5 070 1 ,140  
7 430 1,670 8 410 I 890 7 210 1.620 7 290 1.640 
10 140 2,280 11 3LV , _,___ _ _  _ _ _  I '  
c y a E  # i s  CYCLE X15 fl CYCLE b15 n CYCLE c15 
I I I1 I II I 
380 I 220 11 1 420 I 320 11 1 110 I 250 1) 1 160 I 260 
CYCLE -1 
1 910 1 430 I 
4 670 1,050 
7 470 I 1,680 1 
10 190 2.290 
3 740 840 
6 270 1 ,410  
8 810 i 1.980 1 
3 510 790 
6 000 1,350 
8 410 i 1.890 1 
CYCLE n4 
CYCLE 65 




2 940 07 I iz: I 
5 070 1,140 
7 470 1 1,680 I 
10 100 2.270 
CYCLE #I1 
2 980 670 
5 200 1,170 
7 430 1 1.670 I 
10 410 2.340 
1 160 260 
2 890 1 650 I 5 070 1.14  
T I I T '  denotes  i n s t a l l a t i o n  torque .  - 21 Bolt-nut aesembly t e s t e d  i n  Transducer Cont ro ls  load c e l l .  Tensile clamp load determined frw RBI S t r a i n  
I n d i c a t o r .  
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TABLE NO. XIX F 19 
BESULTS OF 15-CYCLE MSIALLATION TORQUE-TKNSION TESTS OF 
kV 7 SERIES HEXAGON lIEAD ALMINW ALLOY BOLTS 
TEST CONDITION: TORQUE FRU2 NUT 
Bolt Part No.: AN7 DD17A 
Thread S l z e :  7/16-20 LNF-3A 
Bolt Material: 2024-T4 ALLMINLM ALLOY 
Bolt Finish: ANODIZE PER MIL-A-E625 









































CYCLE 1 2  11 CYCLE #2 
I 
103 I1 
100 IT 2 850 
200 IT I) t :;0" 1 1,::; I 7 340 I 1.20" 
300 I T  8 320 1,870 11 790 2,650 
400 IT 12 540 2,820 16 810 3,780 
100 IT 
CYCLT 15 11 CYCLE#5 
300 IT 12 540 2;820 
403 I T  11 1; % I (1 1 7  390 I 3,910 
I 
CYCLE 66 CYCLE 16 
400 I T  1) 1 2  450 1 2;800 11 1 7  040 1 3:830 
CYCLK #IO CYCLE #10 
200 1 I T  im1,150 7 470 1,680 
300 I T  8 360 1,880 12 450 2,800 
400 I T  13 $80 3,030 1 7  530 3,940 
CYCLE #11 CYCLE 211 
II I II  I 
CYCLE #15 11 CYCLE 215 
I I, I 
100 I T  
233 I T  
10 459 
DESIGN CLAPIP LOAD: 16 240 Newtons ( 3,650 Pounds) 
Nut Part NO.: 75FS-720 
Nut Material: 2024-T4 ALUN- ALLOY 
Nut Finish:  
Washer Part No. : AN960-716 
Hole Sire: 11.23 m ( 0.442 in.) 
ANODIZE PER NIL-A-8625, TYPE 1 
SPECIMEN NO. D-T93 SPECIMEN NO. D-T94 SPECIMEN NO. D-W5 
Newtons 1 (Pounds) Newtons I (Pounds) Newtons I (Pounds) 
CYCLE %I CYCLE #l CYCLE 11 
2 760 620 2 850 640 2 890 650 
6 980 1 1,570 I 6 760 I 1,520 1 6 890 I 1,550 
11 740 2,640 11 340 2,550 12 190 2,740 
16  810 3,780 16 150 3,630 17 390 3,910 
I I I I 
CYCLE #4 1 CYCLE* CYCLE #4 
2 140 480 I 2 090 I 470 2 580 I 580 
5 740 1 1,290 1 5 650 I 1,270 1 6 050 1 1,360 
9 790 2,200 9 300 2,090 10 230 2,300 
14 540 3,270 13 970 3,140 14 990 3,370 
CYCLE 26 1 CYCLE W I CYCLE 86 
I U I II I 
2 220 500 2 270 510 610 
6 000 1,353 6 230 1,400 i;t I 1,410 
9 520 2,140 10 320 2,320 10 940 2,460 
14 540 3,270 14 770 3,320 16 190 3,640 
CYCLE 115 CYCLE 115 CYCLE #I5 
I I I I 
NOTES: 
I/ ' IT '  denotes in s t a l l a t ion  torque. 
21 Bolt-nut assembly tes ted i n  Transducer Controls l c a d  c e l l .  Tensile clamp load determined from RBI S t r a in  - 
Indfcator. 
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TABLE N O . X I X  F 20 
RESULTS OF 15-CYCLE INSTALLATION 'TORQJE-TENSION TESTS OF 
LV 7 SEYIES HEXAGON HEAD ALIMINlR4 ALLOY BOLTS 
T E S T  COKDITION: T W U E  F R a  NLT 
B o l t  Part N o .  : AN7 DD17A 
Thread S i z e :  7/16-20 UNF-3A 
Bolt Material: 2@24-T4 A L W I m  ALLOY 
B 0 1 t  Finish: ANODIZE PES <IL-A-8625 
Bolt Specitiiacion. NIL-A-6812 
DESIGN C M P  LOAD: 16 240 N e w t o n s  ( 3.650 P o u n d s )  
Nut Part No. : 68NE-070 
Nut M a t i r i a l :  2017-T4 ALUMINLM ALLOY 
Nut Flnish: AVODIZE PER MIL-A-8625, T W E  1 
Washer Part NO.: AN960-716 
Hole Size: 11.23 m ( 0.442 in.) 
11.30 109 IT 3 020 680 3 110 700 3 160 710 4 580 1,030 
22.60 8 100 1,820 10 360 2,330 200 IT 8 360 1 1,880 
8 630 1 \:9:; 33.90 3 W  I T  14 50  13 740 3,090 13 3 M  2,990 15 790 3.550 
39.54 350 IT 17 300 3,890 16 550 3,720 15 970 3,590 18 640 4,190 
~- 
CYCLE K2 , CYCLE 1 2  CYCLt '12 CYCLE 0 * 1  
I 1 I I I T---- 
11.33 1 107 IT 1 2 800 1 630 I 3 020 1 680 1 89; 1 33.90 300 IT 15 750 3,540 13 520 3,040 12 850 2,890 39.54 353 IT 17 660 3,970 16 460 3,700 16 010 3,600 22.63 2 m  IT a 940 2,010 8 320 1,870 
I II I U I II I I I I I  
I (I C Y a e  #3 N CYCLE -3 1 CYCLE 81 CyC:.t :23 I[ CYCLE 03  
11.30 100 IT b6O 
22.60 I 2GU IT 1 % I 1.2; 1 % 1 1,;; 1 % I I , %  1 % i 2,;;; j i;: i 1,850 
33.90 300 I T  13 830 3,110 13 030 2,930 12 500 2,810 15 030 3,380 13 700 3,080 
39.54 350 IT 17 210 3,870 15 920  3,580 15 570 3,500 18 330 4,120 16 900 3.8m 
I II I U I U I U I (1 CYCLE #4 fl CYCLE (4 I1 CYCLE (14 11 CYCLE 04 u CYCLE "4 
11.30 100 I T  6&0 
22.60 I 200 IT 1 it; 1 1,:; I ?+E I 1,;;; I ',E I 1,:; I i: 1 2.9% I :;; 1 1.770 33.90 303 I T  13 300 2,990 12 720 2,860 11 080 2,490 15 170 3,410 13 120 2,950 39.54 350 I T  17 440 3,920 15 790 3,550 13 080 2,940 18 460 4,150 16 320 3.670 
1 11.30 I 100 I T  1 1 510 I 340 1 2 310 I 520 1 2 270 1 510 I 3 650 1 820 I 2 490 I 560 
22.63 200 I T  6 270 1,410 6 720 1,510 6 360 1,430 9 I20 2,050 6 670 1,500 
33.90 300 I T  12 850 2,890 11 480 2,580 10 630 2,390 14 060 3,160 11 700 2,630 
39.54 350 I T  16 410 3,690 14 990 3,370 12 230 2,750 17 440 3,920 15 210 3,420 
I I II I II I II I II I " u CYCLE 111 1 CYCLE #ll 1) CYCLE 611 11 CYCLE 011 11 CYCLE (111 
500 1 !f:::; 1 iii : 1 k ?E: 1 1,:; I E :;: 1 1,::: I g: 1 lti;: I k% 1 I 11 ::: 659 1 2,620 1.390 33.90 303 IT 12 940 2,910 11 080 2,490 9 520 2,140 13 610 
39.54 350 IT 15 970 3 ,590  14 720 3,310 11 830 2,660 17 350 3,900 15 300 3,440 
I I I  I II I II I II II 
CYCLE #I5 11 CYCLE #15 n CYCLE 015 11 CYCLE 1115 11 CYCLE 1115 
I I1 I I1 I II I n I 
11.30 100 IT 560 1 22.60 1 200 IT 11 % 1 1,;:; // ,":: 1 1,:;: 1 i;: 1 1,:;: I :;: 1 I,,",: 1 2;: 1 1,410 
93.90 300 IT 10 320 2,320 10 760 2,420. 11 480 2,580 13 300 2,990 11 340 2.550 
3 3 . 5 4  350 IT 16 590 3,730 15 210 3,420 14 190 3,190 16 590 3,730 15 700 3.530 
I I II I 11 I II I II I 
NOTES : 
- 2/ ' I T '  d e n o t e s  l n n t s l l n t i o n  torque. B o l t - n u t  aanembly t e a t e d  i n  T r a n s d u c e r  C o n t r o l .  l o a d  c e l l .  
Indicator. 
Tensile C h i p  load d e t e r m i n e d  from RBI S t r a i n  
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TABLE NO. XIX P 21 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
AN 7 SERIES HEXAGON HEKI ALDMINUX ALLOY BOLTS 
TEST CONDITION: TO?.QUE FRM BOLT HEAD 
Bolt Part No.: AN7 DD17A 
Thread Size: 7/16-20 m-3A 
Bolt Material : 2024-T4 ALlMINUM ALLOY 
Bolt Pintsh: ANODIZE PER MIL-A-8625 
Bolt Speciiicailo-. ~ 1 ~ - 8 - 6 8 1 2  
DESIGN CLAPlp LOAD: 16 240 Newtons ( 3,650 Pounds) 
Nut Part No. : 75FS-720 
Nut Material: 2024-T4 ALWINUM ALLOY 
Nut Finish: 
Uasher Part No. : AN960-716 
nole Size: 11.23 m ( 0.442 i n . )  






































100 I T  11 6 140 1 1,380 I 4 310 1 370 I 3 870 870 I 4 230 1 950 1 3 780 1 850 
200 I T  13 920 3,130 11 120 2,500 8 140 1,830 10 720 2,410 9 960 2,240 
300 I T  21 570 4,850 1 7  390 3,910 16 010 3,600 17 260 3,880 16 410 3,690 
ll I I1 I II I I 1 II 1 
I 11 I I1 I I 4 I, 1 
CYCLE ir2 11 CYCLE 112 11 CYCLE if2 1 CYCLE 112 11 CYCLE 112 
103 I T  810 
203 IT ::: 1 i::: I % 1 2,;: 1 % 2,:: 
303 I T  21 170 b.760 16 190 3,640 17 840 4,010 11 
I1 II I I1 I 
CYCLE 113 1 CYCLE 113 11 CYCLE it3 CYCLE 113 CYCLE 113 
100 I T  4 490 1,010 3 560 800 3 420 770 3 560 800 3 510 79 0 
200 I T  12 450 2,800 8 810 1,980 9 610 2,160 9 560 2,150 9 560 2,150 
300 I T  20 640 4,640 14 860 3,340 17 660 3,970 15 830 3,560 16 720 3,760 
A I/ CYCLE #4 CYCLE H4 1 CYCLE #4 NCLEK4 1 CYCLE #4 
I n I I1 I U 1 II 1 
100 I T  11 4 270 1 960 I 3 160 1 710 I 3 110 1 700 1 3 200 1 720 I 3 380 1 760 
200 I T  11 610 2,610 7 870 1,770 8 140 1,830 8 500 1,910 9 160 2,060 
300 I T  19 390 4,360 13 740 3,090 16 410 3,690 14 590 3,280 15 660 3,520 
II I II I II I II 1 u 1 
CYCLE #5 NCLE#5 11 NCLE #5 11 NCLE115 
2 760 620 2 670 600 
7 520 1,690 7 830 1.760 
103 I T  3 340 I 750 2 450 550 
200 I T  3 560 2,150 6 580 1,480 
303 I T  16  590 3,733 11 970 2,690 13 260 2,980 14 230 3,200 
CYCLE 111 CYCLE # l l  CYCLE Ill N C L E  #11 CYCLE U 1 1  
103 I T  3 160 710 2 310 520 2 490 560 2 580 580 2 620 590 
200 I T  8 980 2,020 6 850 1,540 7 070 1,590 7 120 1,600 7 210 1,620 
300 I T  16 990 3,820 11 430 2,570 14 230 3,200 12 990 2,920 13 610 3,060 
I 1 1 
CYCLE 1115 CYCLE #15 CYCLE 1115 CYCLE N15 CYCLE #15 
100 I T  4 140 930 2 490 560 2 220 500 2 540 570 2 490 560 
200 I T  3 160 2,050 6 670 1,500 7 470 1,680 7 070 1,590 7 560 1,700 
300 I T  15 170 3,410 12 190 2,740 13 660 3,070 12 770 2,870 13 120 2,950 
NOTES : 1-r ' I T '  denotes in s t a l l a t ion  torque. 
- 21 Bolt-nut assembly teated in  Transducer Controls load c e l l .  
Indicator. 
Tensile clamp l M d  determined f r an  RBI St ra in  
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TABLE NO. XIX F 22 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TWSION TESTS OF 





TEST CCNDITION: TORQUE FROM BOLT HEAD 
Bolt  P a r t  No.: AN7 DD17A 
Thread Sire: 7/16-20 m - 3 A  
Bolt Material: 2024-T4 ALWIINIIM ALLOY 
Bol t  F i n i s h :  AVODIZE PE* MIL-A-8625 
Bolt Spectrication. MIL-A-6812 
CYaE #I5 CYCLE #15 CYCLE (115 CYCLE 015 CYCLE (115 
100 IT 2 850 640 1 9 6 0  $40 2 180 $90 2 090 470 2 180 490 
200 IT 7 870 1,770 6 320 1 ,420  5 630 1,490 4 230 1,400 6 320 1,420 
300 IT 1 3  920 3,130 11 250 2,530 11 210 2,520 11 349 2,550 10 590 2.380 
350 TT 13 700 3,080 1 3  970 3,140 
DESIGN C W P  LOAD: 16 240 Newtons ( 3,650 Pounds) 
Nut Part N O . :  68NE-070 
Nut M a t r r i a l :  2017-T4 ALWINLM ALLOY 
Nut F i n i s h :  ANODIZE PER MIL-A-8625, TYPE 1 
Washer P a r t  So. : AN960-716 
Hole S i r e :  11.23  mm ( 0.442 I n . )  
V ' I T '  denotea i n m t a l l a t i o n  torque .  
2J Bolt-nut aaaembly tested i n  Tranmducer Control. load c e l l .  
I n d i c a t o r .  
T e n s i l e  clamp load determined from RBI S t r a i n  
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TABLE NO. XIX F 23 (A) 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
AN 8 SERIES W G O N  HEAD ALUMINUM ALLOY BOLTS 
TEST CONDITION: TORQUE FROn W DESIGN C L A W  LOAD: 22,060 Newtons (4 ,960  Pounds) 
Bolt Part No. :  AN^ D D ~ ~ A  Nut Par t  No. : 68NE-080 
Thread Sire: 1/2-20 m - 3 ~  Nut Mater ia l :  2017-T4 ALUMINUM ALLOY 
Bolt  Material: 2024-~4 ALDMINLM ALLOY Nut Finish:  ANODIZE PER MIL-A-8625 
H u ' t  Finish: ANODIZE PER MIL-A-8625 Washer Par t  No. : AN960-816 














































I n - i b f )  = 
150 I T  
300 I T  
450 I T  
600 I T  
700 I T  
150 IT 
300 11 
450 I T  
603 I T  
700 I T  
150 I T  
450 IT 
700 I T  




459 I T  
600 I T  
700 IT 
159 I T  
350 I T  
453 IT 
600 I T  
700 I T  
150 IT 
300 I T  
450 I T  
6w I T  
IT 
150 I T  
300 I T  
450 I T  
603 I T  
I T  
150 I T  
303 I T  
450 I T  
603 I T  
I T  
SPECIMEN NO. D-TI11 SPECIMEN N0.D-T112 SPECIMEN N0.D-T113 SPECIMEN N0.D-T114 SPECIMEN N0.D-T115 
INDUCED CLAMP LOAD 
CYCLE 1'1 CYCLE 11 1 CYCLE #l CYCLE # l  
14 720 3;310 22 860 I 5;140 23 400 5;260 1 6  640 5;260 
19 880 I 4,470 1 22 150 4,980 
CYCLE 112 I CYCLE 82 CYCLE C2 CYCLE 82 
I I I I 
400 iii 1 ii: I % I 2,:; /I % I 1,: 1 k z: 1 1,370 
7 470 1,680 16 860 3,790 14 810 3,330 10 850 2,440 
11 480 2,580 24 290 5,460 21 480 4,830 15 660 3,520 
16 860 3.790 20 640 4.640 
8 . "  I ,I I I I .  
CYCLE #3 I[ CYCLE 113 CYCLE #3 
15 210 3;420 
4.540 4;590 1 20 190 1 10 810 2 430 51090 I( 20 420 1 16 190 1 3i640 11 22 640 1 
CYCLE U4 1 CYCLE 14 11 CYCLE #4 CYCLE& 
1 650 370 2 670 600 2 OW 450 1 560 350 
4 050 910 6 980 1,570 6 760 1,520 5 650 1,270 
6 980 1,570 14 010 3,150 12 230 2,750 10 140 2,280 
10 230 2,3W 21 620 4,860 18 990 4,270 14 810 3,330 
14 720 3,310 19 130 4,303 
CYCLE #5 CYCLE 85 CYCLE #5 CYCLE #5 
1 780 400 2 050 460 1 870 420 1 330 300 
4 310 970 7 070 1,590 6 580 1,480 5 250 1,180 
7 250 1,630 12 810 2,880 11 970 2,690 9 520 2,140 
10 540 2,370 20 730 4,660 18 150 4,080 14 100 3,170 
15 480 3.480 18 280 4.110 
CYCLE #6 11 CYCLE66 11 CYCLE 16 11 CYCLE #6 
1 250 280 I 1 960 440 1 910 430 1 160 260 
6 630 1,490 1 2  370 2,780 12 010 2,700 ;;: 1 2,070 
GALLING . 1 7  970 4,040 
3 650 820 6 940 1,560 6 490 1,460 1,100 
9 790 2,200 16 950 3,810 18 330 4,120 13 480 3,030 
2 270 510 
13 390 3,010 
21 970 4,940 
8 010 1,800 
' 
Newtons I (Pounds1 + 
2 000 450 
7 120 1 1,600 
12 280 2.760 
CYCLE 413 I 
1 420 320 
5 250 I 1,180 




240 k :;: 1 1,050 
8 630 1.940 
12 900 I 2;900 
1 7  040 3.830 
CYCLE # lo  
I 
C Y U E  C11 
7- CYCLE 115 
NOTES: 
' IT '  denotes i n s t a l l a t i o n  torque. 
Indicator .  
21 Bolt-nut assembly tes ted i n  Transducer Controls load  c e l l .  Tensile clamp load determined from RBI St ra in  
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TABLE NO. X I X  F 2 3 ( B )  
RESLETS OF 15-CYCLE INSTALLATION TORQUE-TENSION TESTS OF 
AN 0 SERIES HEXAGON HEAD ALUMINUM ALLOY BOLTS 
TEST CONDITION: ToBQUE FRCM NJT 
Bol t  P a r t  No. : AN8 D D 2 U  
Thread  S i z e :  1/2-20 UNF-3A 
Bolt Material: 2024-T4 ALUMINUM -4LLOY 
&“lt F i n i s h :  ANODIZE PER MIL-A-8625 
DESIGN CIAW LOAD: 22,060 Nevtoni  ( 4,960 Pounds) 
Nut Part No. : 68NE-080 
Nut M a t e r i a l :  2017-T4 ALUUIILI ALLOY 
Nut Finish: ANODIZE PER MIL-A-8625 







































‘IT‘ d e n o t e s  i n s t a l l a t i o n  t o r q u e .  
2 /  Bolt-nut assernblv t e a t e d  i n  T r a n s d u c e r  C o n t r o l s  l o a d  c e l l .  T e n s i l e  clamp load  de termined  frm RBI Strain - 
I n d i c a t o r .  
TABLE NO. XIX F 24 
RESULTS OF 15-CYCLE INSTALLATION TORQUE-TENSIOV TESTS OF 
AN 8 SERIES HEXAGON HFAD ALUMINUM ALLOY BOLTS 
TEST CONDITION: TORQUE fRM BOLT HEAD DESIm CLAW LQRD: 22,060 Newton8 ( 4,960 Pounds) 
Bol t  Part NO. :  AN8 C D 2 a  Nut P a r t  No.: 68NE-080 
T'irrad S i z e :  1:2-20 W - 3 A  Nut M a t e r i a l :  2017-T4 ALUMINUM ALLOY 
B o l t  S a t e r i a l :  2024-T4 ALUMINUM ALLOY Nut Finish: ANODIZE PER MIL-A-8625 
B o l t  Fllish: ANODIZE PER MIL-A-8625 Washer P a r t  No. : AN960416 









































SPECMm NO. D-TI2111 SPECLMEN NO. D-Tl2211 SPECPLEN NO. D-Tl231 SPECIMEN NO. D-Tl24 1 SPECIMEN NO. D-T125 
INDUCED CLAMP LOAD 
: l n - l b f )  11 Newtons I (Pounds) 11 Newtons I (Pounds) Newtons I (Pounds) 1 Newtons I (Pounds) Newtons 1 (Pounds) 
CYCLE #1 11 CYCLE #l I CYCLE #l I CYCLE #I 
CYCLE #15 CYCLE %I5 CYCLE b15 CYCLE #15 CYCLE #I5 
150 I T  2 140 480 
300 I T  6 320 1,420 
453 IT  10 760 2,420 
600 IT  14  370 3,230 
700 IT 1 7  210 3,870 
NOTES : 7' I T '  denotes  i n s t n l l s t i o n  torque .  
Bol t -nut  assembly t e s t e d  i n  Transducer  Cont ro ls  load cell. 
Ind i c n t o r  ~ 























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































PROPOSED INSTALLATION PROCEDURE AND TORQUE- 
TENSION VALUES FOR MECHANICAL FASTENERS 
68 7 
PROPOSED INSTAI_L_PTJQN PROCEDURE FOR MECHANICAL- 
F-ASTENERS 
- -  - -  - -  
Purpose :  To es t ab l i sh  p re fe r r ed  torque va lues  f o r  commonly used 
ae rospace  s t ruc tu ra l  bolts and mating nuts  and review 
p rope r  c r i t e r i a  f o r  the installation of mechanical f a s t ene r s  
Mechanical threaded f a s t ene r s  (bolts,  self-locking nuts , and mating 
Jvashers) are p r i m e  s t ruc tu ra l  connections intended f o r  joining s t r u c t u r e s  
and equipment.  
importance in developing design c l a m p  loads in the  bolts and in a s su r ing  
integri ty  of s t r u c t u r a l  a s sembly  under  flight conditions 
The  p rope r  application of these  f a s t e n e r s  i s  of m a j o r  
The  method m o s t  commonly used in controll ing correct installatton 
of threaded f a s t ene r s  i s  by means  of torquing the  nut-bolt a s sembly .  
The  action of torquing serves a dual function by (1) making s u r e  the 
f a s t ene r  i s  p roper ly  tightened and seated to avoid possible  loosening, 
and (2) by introducing a des i r ed  c l a m p  (or tensile) load in the bolted 
joint ,  which i s  based on a torque-to-tension relat ionship f o r  the spec i f ic  
f a s t ene r  combination. 
In torquing the f a s t ene r  a s sembly ,  care m u s t  be exe rc i sed .  Over- 
torquing a bolt c a n  cause  yialding and/or p rema tu re  fa i lure  of the  
f a s t ene r .  Under-torquing a bolt can  be j u s t  as s e r i o u s  in leading to 
potential fatigue problems due to insufficient c l a m p  load developed in 
the  joint .  I t  i s  therefore  vital to make  s u r e  that the bolt-nut combin- 
ation i s  tightened to the specified installation torque value f o r  bes t  
s t r u c t u r a l  per formance .  
In addition to the care devoted to p r o p e r  torquing, t h e r e  are other 
f ac to r s  which can  affect ,  o r  even change the design torque-tension 
relat ionship.  The following guidelines are intended as good prac t ice  
to be  observed in the installation of mechanical f a s t ene r s .  
1 . Recommendations f o r  installation torque va lues  f o r  s t anda rd  
a e r o s p a c e  s t ruc tu ra l  bolts are presented in Tables  I through IX, 
I t  i s  suggested that  f o r  the installation torques  noted, a 'kolerance 
r ange  of +OX to -5% be used .  Torque  values  will vary sl ight ly  
based on plating or s u r f a c e  finish of both the bol ts  and mating 
self-locking nuts ,  as well as other f ac to r s  s u c h  as bolt ma te r i a l ,  
and f a s t ene r  configuration, C a r e  should be  taken to identify the 
f a s t e n e r s  being used,  and obse rve  the installation torque recom- 
mendations f o r  the pa r t i cu la r  bolt-nut combination. 
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2. The  torque va lues  l isted in Tables  I through IX are intended to 
develop c l amp  loads in the bolts eaual  to 90% of the bolt yield 
s t rength .  Where  s t r u c t u r a l  design requi rements  specify developing 
c l a m p  loads based on a lower  percentage of bolt yield s t rength ,  the 
installation torque va lues  noted in the Tables  should be reduced in 
accordance  with the following formula :  
Jvhe r e  
T = ( l . l l  A) x t 
T = New installation torque value 
A = New o r  revised c l a m p  load criteria ( as a 
% of bolt yield s t rength)  
t = P r e s e n t  torque va lae  from applicable Table 
For example ,  if c l amp  load requi rement  i s  noted at 75% of bolt 
yield s t r eng th  (0.75), then new tnstaltafidn torque value f o r  1/2-20 
External  Wrenching Head M S  21250 al loy steel bolt torqued f r o m  
the  nut end ( r e f e r  to Table  €A) is: - 
- -  
T = ( l . l l  A) x t 
and T = (1 . I  1 x .75) x 1,920 in-lbf = 1,598 in-lbf 
O r  T = ( I o l l  x .75) x216.93 Nm = 180,60 N m  
3 .  The  installation torque va lues  in Tables  I through IX are good 
only f o r  the initial installation of a new bolt and nut,  Tests have shown 
that  c l a m p  loads genera l ly  are reduced as the  same f a s t e n e r s  are 
reused .  Where  pract icable ,  new nuts  should be subst i tuted during 
r e p a i r  o r  maintenance conditions. In any  event  though, the noted 
installation torque values  should not be exceeded.  
4. As a s tandard  procedure ,  i t  i s  also recommended tha t  mating 
w a s h e r s  employed under  the bolt head and under  the nut be re- 
placed with new w a s h e r s  during r e p a i r  or  maintenance. 
5. Installation torque va lues  apply only to d r y ,  as-received 
f a s t ene r s .  Supplemental  lubr icants ,  s u c h  as oi l ,  MIL-T-5544 
thread  compound, wet  z inc  ch romate ,  etc., d ra s t i ca l ly  affect  
torque-tens ion re la t ionships ,  Supplemental  lubricants  should not 
be  used unless  specif ical ly  approved.  &here  lubricants  are cal led 
out, torque va lues  should be in accordance  with pa r t i cu la r  recom- 
mendations f o r  the f a s t ene r  combination, or should be specif ical ly  
es tabl ished f o r  the application. 
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6. Since the  t o r q u e  w r e n c h  i s  the  key ins t rument  in applying in- 
s ta l la t ion  cont ro l  of the  f a s t e n e r  system, care should b e  taken to 
a s s u r e  that wrenches  are r e g u l a r l y  ca l ibra ted  and  checked f o r  
a c c u r a c y .  Mechanical f a s t e n e r s  should be torqued with w r e n c h e s  
conforming to S p e c .  GGG-W-686. The  torque  w r e n c h  s h a l l  b e  
s e l e c t e d  s u c h  tha t  the  installation t o r q u e  value f o r  a p a r t i c u l a r  
f a s t e n e r  will  b e  between 20 and 80 p e r c e n t  of the  full s c a l e  to rque .  
7. Wrenching s o c k e t s  f o r  u s e  in torquing mechanical  f a s t e n e r s  
should b e  in accordance with S p e c .  GGG-W-641. S o c k e t  f i t  and 
depth of engagement  over the  f a s t e n e r  are impor tan t  in p r o p e r l y  
torquing the f a s t e n e r s .  
a s s u r e  good f i t .  
(220 K S I )  or  s t r o n g e r ) ,  cons idera t ion  should be given to using 
indus t r ia l  f inish type s o c k e t s  f o r  torquing t h e s e  f a s t e n e r s .  
S o c k e t s  should b e  checked r e g u l a r l y  to 
For higher  s t r e n g t h  fastener s e r i e s  (1516.8 MN/m2 
8 .  The torque  v a l u e s  l is ted apply to bol ts  installed in holes  dr i l led  
perpendicular  to the s u r f a c e .  W h e r e  holes  are not dr i l led  s q u a r e  
to t h e  s u r f a c e ,  undue bending c a n  r e s u l t  with subsequent  f a i l u r e  of 
the bolt ,  p a r t i c u l a r l y  with low modulus m a t e r i a l s  s u c h  as t i tanium 
a l loy .  For appl icat ions involving bending in excess of 2", con- 
s i d e r a t i o n  should b e  given to the u s e  of self-aligning w a s h e r s  to 
m i n i m i z e  the ef fec t  of s u c h  bending. 
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TABLE I A 
PROPOSED INSTALLATIOX TORQUE VALUES FOR MS 21250 
SERIES 12-POINT HJ%D ALLOY STEEL BOLTS 





MATING KVT SERIES : 
NUT MATERIAL: 
NVT FINISH: 
EXTEKWL WUXCHING HFAD (MS 21250 SERIES) 
TENSION & FATIGUE RATED 
1241.1 MX/m2 (180 K S I )  
8740 OR lt340 ALLOY STEEL 
GZDMILX PLATE PER QQ-P-426, TYPE 11, CLASS 3 
12-POILT EXTEIG'\L WRESCHISG, SELF-LOCKLYG 
-- _--- - 
ALLOY STEEL 
DRY ___.____ FILY LUBR1C"XT .- OLqR CYiJD>lIL?l PLiE 





















































t%LJTION: TORQUE VALUES ARE V A L I D  ONLY FOR I N I T I A L  INSTALLATION OF 
N E W  BOLT AND NUT UNDER DRY CONDITIONS. 
I n s t a l l a t i o n  t o r q u e s  noted a r e  rnaximm v a l u e s  intended t o  
develop b o l t  clamp l o a d s  e q u a l  t o  907. of t h e  b o l t  y i e l d  
s t r e n g t h .  Where lower b o l t  clamp load requi rements  e x i s t ,  
reduce t o r q u e  v a l u e s  in accordance w i t h  f o l l o w i n g  formula: 
T = (1.11 A )  x t 
vhere  T = Desired D9sign I n s t a l l a t i o n  Torque Value 
A = X B o l t  Y i e l d  S t r e n g t h  (Design O b j e c t i v e )  
t - I n s t a l l a t i o n  Torque From Above Table  
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TABLE I B 
PROPOSED INSTALLATION TORQUE VALUES FOR MS 21250 
WERIES 12-POIm HEAD ALLOY STEEL BOLTS 






MATING NUI SERIES: 
NVT MATEBIAL: . - - 
N l E  FINISH: 
- -  
Thread 












W W  WRENCHING HEAD (MS 21250 SERIES) 
TENSION & FATIGUE RATED 
1241'1 m/m2 (180 KSI) 
8740 OR 4340 ALLOY STEEL 
CADMIUM PLATE PER QQ-P-416, TYPE 11, CLASS 3 
12-POIhT EXTERHAL W C H I X G ,  SELF-LOCKING 
-ALLOY STEEL 
1 CADMILPI _ _  PLATE PER QQ-P-416, TYPE 11, CLASS 3 

























CAUlTON: TORQUE VALIES ARE V A L I D  ONLY FOR INITIAL INSTALLATION OF 
N E W  BOLT AND NUT UNDER DRY CONDITIONS. 
I n s t a l l a t i o n  t o r q u e s  noted a r e  m a x i m a  v a l u e s  i n t e n d e d  t o  
develop b o l t  clamp l o a d s  e q u a l  t o  907. of t h e  b o l t  y i e l d  
strength. Where lmt r  b o l t  clamp load r equ i r emen t s  e x i s t ,  
r educe  t o r q u e  v a l u e s  in accordance  w i t h  f o l l o w i n g  fo rmula :  
T = (1.11 A )  x t 
T = Des i red  Design I n s t a l l a t i o n  Torque Value 
A - % B o l t  Y ie ld  S t r e n g t h  (Design O b j e c t i v e )  
t = I n s t a l l a t i o n  Torque F r m  Above Tab le  
where 
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TABLE I c 
PROPOSED INSTALLATION TORQUE VALUES FOR MS 21250 SERIES 
12-POINT HEAD ALLOY S T E n  BOLTS WITH MIL-T-5544 LUBRICMT 
BOLT SERIES: 






















EXLELLU. W C H I N G  KEAD (MS 21250 SERIES) 
TENSION & FATIGUE RATED 
1241.1 MN/m2 (180 KSI)  
8740 OR 4340 ALLOY STEEL 
CADi.IZLM U T E  WITH MIL-T-5544 LUBRICANT 
12-POLhT EXTELUL WRENCHING, SELF-LOCKING 
ALLOY STEEL 
AD?IIUM PLATE OR-DKY FILM LUBRICANTAVER CAD P L A a  
SUGGESTED INSTALLATION TORQUE VALUES 
TORQUE Nur 







( i n - l b  f )  
125 
 ION: TORQUE VALLJES ARE V A L I D  ONLY FOR I N I T I A L  INSTALLATION OF 
NEW BOLT AND N U I  UNDER DXY CONDITIONS. 
I n s t a l l a t i o n  t o r q u e s  noted a r e  m a x i m a  v a l u e s  in t ended  t o  
develop b o l t  clamp l o a d s  e q u a l  t o  90X of t h e  b o l t  y i e l d  
s t r e n g t h .  Where lower b o l t  clamp load r e q u i r e m e n t s  e x i s t ,  
reduce t o r q u e  v a l u e s  i n  accordance w i t h  f o l l o w i n g  formula:  
T (1.11 A )  x t 
where T = Des i red  Design I n s t a l l a t i o n  Torque Value 
A = X B o l t  Y ie ld  S t r e n g t h  (Design O b j e c t i v e )  
t - I n s t a l l a t i o n  Torque From Above T a b l e  
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MATING NVT SERIES: 
NVT MATERIAL: 
M FINISH: 
TABLE I D 
PROPOSED INSTALLATION TORQUE VALUES FOR MS 21250 SERIES 
12-POINT HEAD ALLOY STEEL BOLTS WITH MIL-P-8585 WET Z I N C  CHROMATE P R D E R  
W E R W L  WYCHCU'G mD (>is 21250 SERIES) 
TENSION & FATIGL'E RATED 
1 2 4 1 . 1  MX/n?2 (130 K S I )  
8740 OR 4340 ALLOY STEEL 
C2IDFIIm.I PLATE WITH MIL-P-8585 WET Z I N C  CHRCRlATE 
12-POINT EXTEItXAL WR-EXCHLTG, SELF-LOCKING 
ALLOY STEEL 
j z D > f I U b t  ____ PLATE OR DRY FILY LUBRICANT - OVER CAD PLATE 
T h r e a d  

















I - . _ - .  
- - -  
NUT 




( i n - l b f )  ._ Nm 
14.12 125 
UmION: TORQUE VALUES ARE VALID O ? i Y  FOR INITIAL INSTALLATION OF 
NEW BOLT AND NUT UNDER DRY CONDITIONS. 
I n s t a l l a t i o n  t o r q u e s  n o t e d  a r e  maxirnmn v a l u e s  i n t e n d e d  t o  
d e v e l o p  b o l t  c lamp l o a d s  e q u a l  t o  907. of t h e  b o l t  y i e l d  
s t r e n g t h .  Where lower b o l t  c l a m p  l o a d  r e q u i r e m e n t s  e x i s t ,  
r e d u c e  t o r q u e  v a l u e s  i n  a c c o r d a n c e  w i t h  following f o r m u l a :  
T = (1.11 A )  x t 
w h e r e  T = D e s i r e d  D e s i g n  I n s t a l l a t i o n  T o r q u e  V a l u e  
A = X B o l t  Y i e l d  S t r e n g t h  ( D e s i g n  O b j e c t i v e )  
t = I n s t a l l a t i o n  T o r q u e  F r m  Above T a b l e  
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TABLE 11 
PROPOSED INSTALLATION TORQUE VALUES FOR EXTERNAL 






MATING M SERIES: 
MIT MATERIAL: 
NUI' FINISH: 
T h r e a d  
S i z e  
#10-32 
1 / 4 - 2 8  
5 / 1 6 - 2 4  
3 / 8 - 2 4  
7 /  16-20 
1 /2-20  
9 / 1 6 - 1 8  
5 / 8 - 1 8  
3 /4 -16  
7 / 8 - 1 4  
1"-12 
EXTERSWL WRENCHING WAD (BAC B30FD OR EQUIV.) 
TENSION & FATIGUE HATED 
1241.1  MX/>12 (180 KSI) 
8740 OR 4340 ALLOY STEEL 
CADMIL?i FLUOBORATE PER X4S672 
12-POLUT EXTEIL'j'lL W R E 3 W G ,  SELF-LOCKING 
ALLOY STFiEL 
I DRY FILM LUI3RICAXT OVER CADXILiii PLATE 






_ _  
( i n - l b f )  
9 0  
220 




2 8 . 2 4  
271 .16  
- . ~ _  
( i n - l b  f ) - 
90 
250 
2 ,400  
CAVTION: 
- -  
TORQUE VALUES ARE VALID ONLY FOR INITIAL INSTALLATION OF 
NEW BOLT AND NVT UNDER DXY CONDITIONS. 
I n s t a l l a t i o n  t o r q u e s  n o t e d  a r e  m a x i m a  v a l u e s  i n t e n d e d  t o  
d e v e l o p  b o l t  c lamp l o a d s  e q u a l  t o  907. of t h e  b o l t  y i e l d  
s t r e n g t h .  Where lower  b o l t  c lamp l o a d  r e q u i r e m e n t s  e x i s t ,  
r e d u c e  t o r q u e  v a l u e s  i n  a c c o r d a n c e  w i t h  following f o r m u l a :  
T = (1.11 A )  x t 
T = D e s i r e d  Design I n s t a l l a t i o n  Torque  Value  
A = % Bolt Y i e l d  S t r e n g t h  (Design O b j e c t i v e )  
t = I n s t a l l a t i o n  Torque  From Above T a b l e  
where  
- - -  - - .  
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TABLE 111 A 
PROPOSED INSTALLATIOX TORQUE VALUES FOR EXTERiiL 










S i z e  












EXTERXAL WREXCIIING HEAD 
TENSION & FATIGUE RATED 
1516.8 MN/m2 (220 KSI) 
H - 1 1  STEEL 
U D M I U l l  E’LUOBORATE PER NAS672 -- 
12-POINT EXTEkWL h?lENCHING, SELF-LOCKING 
ALLOY STEEL 
!DRY FILM LUBRICLXC OVER CIDYIILJH - PLATE 

























CAWION:  TORQUE VALUES ARE V A L I D  ONLY FOR INITIAL INSTALLATION OF 
NEW BOLT AND- 
I n s t a l l a t i o n  t o r q u e s  noted a r e  maximm v a l u e s  in t ended  t o  
s t r e n g t h .  Where lower b o l t  clamp load  r equ i r emen t s  e x i s t ,  
r educe  t o r q u e  v a l u e s  i n  acco rdance  w i t h  f o l l o w i n g  formula:  
UNDER DRY CONDITIONS. 
- -  devZlop-bo l t  clamp l o a d s  e q u a l  t o  9OZ of t h e  b o l t  y i e l d  
T * (1.11 A )  x t 
T = Des i red  Design I n s t a l l a t i o n  Torque Value 
A = X B o l t  Y ie ld  S t r e n g t h  (Design O b j e c t i v e )  
t = I n s t a l l a t i o n  Torque From Above T a b l e  
where 
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TABLE 111 B 
PROF'OSED INSTALLATIOX TORQLE VALUES FOR EXTERNAL 
WRENCIIING JlEAD H-11 STEEL BOLTS 
BOLT SERIES: EXJEKXAL WREXCHIXG HEAD 
TYPE BOLT: 
STRESS LEVEL: 
TEXSIOX & FATIGUE RATED 
1516 .8  m/m2 ( 2 2 0  KSI)  
BOLT MATERIAL : H-11 STEEL 
NICEL-CAD:.IILN PLATE PER AX? 2416 
EXTEKILU., WKENCHZNG, SELF-LOCKNG 
_ _ _ _  -- 
NUT HATERIAL: ALLOY STEEL 
Thread 
S i z e  
# lo -32  
1 / 4 - 2 8  
5 / 1 6 - 2 4  
3 / 8 - 2 4  
7 / 1 6 - 2 0  
1 / 2 - 2 0  
9 / 16-18 
5 / 8 - 1 8  
3 / 4 - 1 6  
7 / 8 - 1 4  
SUGGESTED INSTALLATION TORQUE VALUES 
TORQUE NUT 
( i n - l b  f )  Nm 
25.42 
36 .72  
7 9 . 0 8  
141 .23  
386 .40  




1 ,250  
3 , 4 2 0  
6 , 7 2 0  
TORQUE BOLT 
( i n - l b f )  Nm 
28 .24  
39 .54  
8 4 . 7 3  
155 .91  
4 0 6 . 7 4  




1 ,380  
3 , 6 0 0  
6 , 9 0 0  
CAmION: TORQUE VALUES ARE VALID ONLY FOR INITIAL INSTAILATION OF 
NEW BOLT AND NUT UKDER DIiY CONDITIONS. 
I n s t a l l a t i o n  t o r q u e s  noted a r e  maxfmm v a l u e s  in t ended  t o  
develop b o l t  clamp l o a d s  e q u a l  t o  907. of t h e  b o l t  y i e l d  
s t r e n g t h .  Where lower b o l t  c lamp load r e q u i r e m e n t s  e x i s t ,  
reduce t o r q u e  v a l u e s  i n  acco rdance  w i t h  f o l l o w i n g  formula:  
T = (1.11 A )  x t 
T = Des i red  Design I n s t a l l a t i o n  Torque Value 
A = Z Bol t  Y i e l d  S t r e n g t h  (Design O b j e c t i v e )  
t I n s t a l l a t i o n  Torque F r m  Above Tab le  
where 
69 7 
TABLE I V  A 
PROPOSED INSTALLATIOX TORQUE VALUES FOR EXTERNAL 
WRENCHING HEAD A286 CRES BOLTS 
BOLT SERIES: EXTERIX4L W C H I N G  HEAD 
TYPE BOLT: TEXSIOX & FATIGUE RATED 
STRESS LEVEL : 
BOLT MATERIAL: A286 CRES 
BOLT FINISH: 
1379 .O HN/m2 (200 KSI )  
PASSIVATE PER QQ-P-35 
MATING NVT SERIES: 12-POINT EXTELUL WRCjCHUG, SELF-LOCKING 
- __- 
NVT MATERIAL: A 286 CUES 
W FINISH: 
Thread 
SILVER PLATE PER &“.Is 2410 - _- 






1/2-20 - - 271.16 - _ - _ _  
9 / 16- 18 






















- -  
CAUTION: TORQUE VALUES ARE VALID ONLY FOR INITIAL INSTALLATION OF 
N E W  BOLT AND NUT W E R  DKY COKDITIONS. 
I n s t a l l a t i o n  t o r a u e s  noted a r e  maximua v a l u e s  in t ended  t o  
deve 1 op b o 1 t 
s t r e n g t h .  Whe 
reduce t o r q u e  
clamp l o a d s  equa l  t o  907. of t h e  b o l t  y i e l d  
r e  lower b o l t  clamp load r e q u i r e m e n t s  e x i s t ,  
v a l u e s  i n  accordance w i t h  f o l l o w i n g  formula:  
T = (1.11 A )  x t 
T = Des i red  Design I n s t a l l a t i o n  Torque Value 
A % B o l t  Yield S t r e n g t h  (Design O b j e c t i v e )  
t I n s t a l l a t i o n  Torque F r m  Above Tab le  
where 
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TABLE IV B 
PROPOSED IXSTALUTIOX TORQUE VALUES FOR EXTERNAL 
















MATING NVT SERIES: 
NVT MATERIAL: 
NUT FINISH: I-==== 
I Thread I S i z e  
7 /8-14  I l'I-12 




28 .24  









2 0 . 3 3  
2 8 . 2 4  
1 0 1 . 6 8  
149 .14  
BOLT 
( i n - l b f )  
180 
2 5 0  
9 00 
1 , 3 2 0  
CAUTION: TORQUE VALUES ARE VALID O l T Y  FOR INITIAL INSTALLATION OF 
NEW BOLT AND NUI UNDER DRY CONDITIONS. 
I n s t a l l a t i o n  t o r q u e s  noted a r e  maximum v a l u e s  in t ended  t o  
deve lop  b o l t  clamp l o a d s  equa l  t o  9OZ. of  t h e  b o l t  y i e l d  
s t r e n g t h .  Where lower b o l t  clamp load  r equ i r emen t s  e x i s t ,  
r educe  t o r q u e  v a l u e s  i n  acco rdance  w i t h  f o l l o w i n g  formula:  
T = (1.11 A )  x t 
T = Des i red  Design I n s t a l l a t i o n  Torque Value 
A - f .  B o l t  Yield S t r e n g t h  (Design O b j e c t i v e )  
t = I n s t a l l a t i o n  Torque From Above Tab le  
where 
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TABLE IV C 
HEAD A286 CRES BOLTS 






MATING NUI SERIES: 
NUT MATERIAL: 





7 / 16-20 
1/2-20 I 





EXTERNAL WRENCHING HEAD 
TJZHSIOX & F A T I G U E  RATED 
1379 .O PfS/m2 (200 KSI) 
A286 W S  
CEIDXILJFl PLATE PER QQ-P-416, TYPE 11, CLASS 3 
12-POIXI EXTEItUL WKE?U'CHLYG, SELF-LOCXING 
A-LLOY STEEL 
__ DRY FILM LUBRICAX'"?' OVER C'iDYIIR.! PLATE 


















CAUTION:  TORQUE VALUES ARE VALID ONLY FOR INITIAL INSTALLATION OF 
N E W  BOLT AND NUT UNDER DRY CONDITIONS. 
I n s t a l l a t i o n  t o r q u e s  n o t e d  a r e  maximurn v a l u e s  i n t e n d e d  t o  
d e v e l o p  b o l t  c l a m p  loads e q u a l  t o  907. of t h e  b o l t  y i e l d  
e t r e n g t h .  Where l o w e r  b o l t  c l a m p  l o a d  r e q u i r e m e n t s  e x i s t ,  
reduce t o r q u e  v a l u e s  i n  a c c o r d a n c e  w i t h  f o l l o w i n g  f o r m u l a :  
T = (1.11 A)  x t 
w h e r e  
- 
T = D e s i r e d  D e s i g n  I n s t a l l a t i o n  Torque Value 
A = X B o l t  Y i e l d  S t r e n g t h  ( D e s i g n  O b j e c t i v e )  
t = I n s t a l l a t i o n  T o r q u e  F r o m  Above T a b l e  
- - - .  
0 -  
7 00 
TABLE V 
I3OPOSED INSTALLATION TORQUE VALUES FOR HEXAGON 







( i n - l b f )  - 
















HEXAGON HEAD, LONG T W  
TEXSION TYPE 
1103.2 MX/m2 (160 KSI) 
~ 2 8 6  w s  
CXDM1L.I PLATE PER QQ-P-416, TYPE 11, CL-4SS 3 
12-POl24T EXL'CkCLlL W C H I X G ,  SELF-LOCKING 
_. ____ 
ALLOY STEEL 
- DRY- _- F&Y-LDRs&T OVER cIImwG--- 


















CAUTION: TORQUE VALUES ARE VALID ONLY FOR INITIAL INSTALLATION OF 
NEW BOLT AND NUT UNDER DRY CONDITIONS. 
I n s t a l l a t i o n  t o r q u e s  noted are  m a x i m a  v a l u e s  in t ended  t o  
develop b o l t  clamp l o a d s  e q u a l  t o  907, of t h e  b o l t  y i e l d  
e t r e n g t h .  Where lower b o l t  clamp load r e q u i r e m e n t s  e x i s t ,  
r educe  t o r q u e  v a l u e s  i n  acco rdance  w i t h  following formula:  
T = (1.11 A )  x t 
T = Des i red  Design I n s t a l l a t i o n  Torque Value 
A = X B o l t  Y ie ld  S t r e n g t h  (Design O b j e c t i v e )  




PROPOSED INSTALLATIOX TORQUE VALUES FOR EXTERNAL 










S i z e  
#lo-32 
1 /4-28  
5/16-24 
3/8-24 
7 / 16-20 







EXl'!XIL WIENC?ITXG HEAD (NAS 1 2 7 1  SERIES) 
TEXSIO:; & FATIG'LJE RATED 
1103.2 ? C ; / X ~  (160 K S I )  
6Al-AV TITAXIIF! ALLOY 
ALLOY STEEL 
DRY FILM ___-- LUBRTC%T _ _ _  O m  G!D:JJlPX-B.&E 
SUGGESTED INSTALLATION TORQUE VALUES 
TORQUE NUl' 
_ _  Nm 
22.59 
225.9 7 
( i n - l b f )  
4F 
200 
2 ,000  
TORQUE 
Nm 
21 .46  
214.67 
BOLT -
( i n - l b f )  
19 0 
1,900 
CAUTION: TORQUE VALUES ARE VALID O X Y  FOR INITIAL INSTALLATION OF 
N E W  BOLT AND NVT L W E R  DXY CONDITIONS. 
I n s t a l l a t i o n  t o r q u e s  no ted  a r e  maximm v a l u e s  i n t e n d e d  t o  
d e v e l o p  b o l t  c lamp l o a d s  e q u a l  t o  907. of t h e  b o l t  y i e l d  
s t r e n g t h .  Where lower b o l t  clamp l o a d  r e q u i r e m e n t s  e x i s t ,  
r e d u c e  t o r q u e  v a l u e s  i n  a c c o r d a n c e  w i t h  f o l l o w i n g  fo rmula :  
T = (1.11 A )  x t 
T = D e s i r e d  D e s i g n  I n s t a l l a t i o n  Torque  Value  
A - X Bolt Y i e l d  S t r e n g t h  (Des ign  O b j e c t i v e )  
t = I n s t a l l a t i o n  Torque  F r m  Above T a b l e  
where  
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TABLE VI B 
PROPOSED DISTALLATIOX TORQUE VALUES FOR EXTERNAL 
WRENCIIING HEAD 6A1-4V T I T A N I U M  ALLOY BOLTS 
BOLT SERIES:  EXi'ERXAL WRENCIITNG HEAD (BAC B3mIR o r  EQUIV.) 
T W E  BOLT: T?ZXSION AND FATIGUE RATED 
STRESS LEVEL: 1103.2 MX/m2 (160 GI) 
BOLT MATERIAL : 6A1-4V TIT;LUID1 ALLOY 
czDlIIlj?l PWTE PER QQ-P-416, T Y P E  11, CLASS - 3 -- BOLT FINISH: 
MATING NlJl SERIES: 12-POLuT EXTEIWLAL WRENCHLUG, SELF-LOCKLXG 
NUT MATERIAL: ALLOY STEEL 
NVT FINISH: DRY FIL?I LUBRICL'LT OVER G D X L Y  R A T E  
F 1 
SUGGESTED INSTALLATION TORQL'E VALUES Thread 
S i z e  TORQUE NUT TORQUE BOLT 
810-32 
1/4-28 20.33 180 16.94 150 
Nm ( i n - l b f )  Nm { i n -  l b f )  
- 
5/16-24 39.54 350 42.36 375 
7/ 16-20 107.33 9 50 1.12.98 1,000 
1/2-20 - 2tl3.37 - I. ,800 237.26 2 ,LOO 








TORQUE VALUES ARE V A L I D  ONLY FOR INITIAL INSTALLATION OF 
- -  
7 03 
TABLE VI1 
PROPOSED INSTALLATION TORQUE V.4LUES FOR HEXAGO?? 






MATING NVT SERIES: 
NUT MATERIAL: 
Thread 













EEXAGOX BEAD, SHORT THREAD ( U S 6 5 4  SERIES) 
SHEAR TYPE 
1103.2 FEi/m2 (160 KSI) 
6A1-4V TITMb?I ALLOY 
BARE 
W4GOX, LOW REIGHI:,  SELF-LOCKING 
STEEL 
DRY FTL?l -____..- LUBRTGIYT -- OVER GIDYIL?f EUTE 
- 
__--- 






3 9 . 5 4  
216.93 




















 ION: TORQUE VALUES ARE V A L I D  ONLY FOR I N I T I A L  INSTALLATION OF 
N E W  BOLT AND NUT UNDER DSY CONDITIONS.  
I n s t a l l a t i o n  t o r q u e s  noted a r e  maximurn v a l u e s  in t ended  t o  
develop b o l t  clamp l o a d s  e q u a l  t o  907, of  t h e  b o l t  y i e l d  
s t r e n g t h .  Where lower b o l t  clamp load r equ i r emen t s  e x i s t ,  
reduce t o r q u e  v a l u e s  i n  accordance with  f o l l o w i n g  formula:  
T = (1.11 A )  x t 
where T = Des i red  Design I n s t a l l a t i o n  Torque Value 
A = X B o l t  Y ie ld  S t r e n g t h  (Design O b j e c t i v e )  
t = I n s t a l l a t i o n  Torque From Above T a b l e  
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TABLE VI11 A 
PROPOSED INSTfiMTION TORQUE VALUES FOR HEXAGON 























HEXAGON HEAD, SHORT THREAD (XASL103 SERIES) 
SHEAR TYPE 
1103.2 1cr‘/m2 (160 KSI) 
4340 GK 8740 ALLOY STEEL 
UDLIILPI PLATE PER QQ-P-416, TYPE 11, CLASS 3 
HEXAGOX, LOW HEIGW:, SELF-LOCKING 
- -  
ST EEL 
I P L E I I 2 U m 4 X 4 U U L ” i L  



















CAWION: TORQUE VALUES ARE VALID ONLY FOR I N I T I A L  INSTALLATION OF 
NEW BOLT AND NVT UKDER DXY COhIITIONS. 
I n s t a l l a t i o n  t o r q u e s  noted a r e  maxirncm v a l u e s  in t ended  t o  
develop b o l t  clamp l o a d s  e q u a l  t o  9OX of t h e  b o l t  y i e l d  
s t r e n g t h .  Where lower b o l t  clamp l o a d  r e q u i r e m e n t s  e x i s t ,  
reduce t o r q u e  v a l u e s  i n  acco rdance  w i t h  f o l l o w i n g  formula:  
T = (1.11 A) x t 
where T = Des i red  Design I n s t a l l a t i o n  Torque Value 
A - X Bolt Yield S t r e n g t h  (Design O b j e c t i v e )  
t = I n s t a l l a t i o n  Torque From Above Tab le  
705 
706 
TABLE 'QIII B 
PROPOSED INSTALLATIOi3 TORQUE VALUES FOR HEXAGON HEAD 
ALLOY STEXL BOLTS WITH NIL-T-5544 LUBRICANT 
BOLT SERIES: 

















3 / 4 4  6 
7 /8- 14 
l'I-12 
S W 3 R  TYPE 
1103.2 FlX/m2 (160 KSI) 
4340 OR 8740 ALLOY STEEL 
CA.I)liIL?l PLATE XITH FfIL-T-5544 LUBRICANT 
E X A G O X ,  LOW HEIGIC,  SELF-LOCKING 
ST EEL 










( i n - l b f  1 
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TORQUE VALUES A R E  VALID O X Y  FOR I N I T I A L  INSTALLATION OF 
N E W  BOLT AND NUT UNDER DRY CONDITIONS. 
I n s t a l l a t i o n  t o r q u e s  noted a r e  m a x i m a  v a l u e s  in t ended  t o  
deve lop  b o l t  clamp l o a d s  e q u a l  t o  9OX of t h e  b o l t  y i e l d  
s t r e n g t h .  Where lover b o l t  clamp load r e q u i r e m e n t s  e x i s t ,  
r educe  t o r q u e  v a l u e s  i n  acco rdance  w i t h  following formula: 
T = (1.11 A )  x t 
where T = Des i red  Design I n s t a l l a t i o n  Torque Value 
A = X Bolt Yield S t r e n g t h  (Design O b j e c t i v e )  
t - Installation Torque F r m  Above Tab le  
TABLE IX 
PROPOSED INSTALLATlON TORQUE VALUES FOR A N 3  SERIES 























W X A W < - H E X D  ALXCUF'i  B31,T (AN3 SEZIES) 
TE?SIO:J TITE 
4 2 7 . 5  Wi/m2 ( 6 2  KSI )  
2024-7'L AT.T"T'T?: MJ.OY 
A N O D I Z E  PER F1 lL -A  -e . '2  5 - - 
HE&'*. L; J?; S ELF -L OCK I NG 
ALL%ZNL:l ALLOY 
A N O D I Z E  PER ?!TL-A-8625 ______- -- 





14 .69  
29.38 
39.54 






2 60  
350 
7 00 













CAUTION:  TORQUE VALUES ARE V A L I D  OhZY FOR INITIAL INSTALLATION OF 
N E W  BOLT AND NUT UNDER DRY CONDITIONS. 
I n s t a l l a t i o n  t o r q u e s  n o t e d  a r e  maxirnm v a l u e s  i n t e n d e d  t o  
deve lop  b o l t  c l a n p  l o a d s  e q u a l  t o  9OZ of t h e  b o l t  y i e l d  
s t r e n g t h .  Where lower  b o l t  c lamp l o a d  r e q u i r e m e n t s  e x i s t ,  
r e d u c e  t o r q u e  v a l u e s  i n  a c c o r d a n c e  w i t h  f o l l o w i n g  f o r m u l a :  
T = (1.11 A )  x t 
T = D e s i r e d  Des ign  I n s t a l l a t i o n  Torque  Value  
A = X Bol t  Y i e l d  S t r e n g t h  (Des ign  Object ive)  




PROPOSED TORQUE-TENSION TEST PROCEDURE 
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0 PROPOSED TORQUE-TENSION TEST PROCEDURE 
1. SCOPE 
7 . 1  This test method describes standard procedures for 
determining and/or developing the room temperature torque-tens ion 
relationship for  threaded fasteners. It is nat l imited by configuration 
o r  size. The following methods are specified: 
(a) Hand torque method using torque wrenches. 
(b) Machine torque method using torsion machine. 
2. REFERENCE DOCUMENTS 
GGG-W-686 Wrench, Torque 
ASTM E74-64 Verification of Calibration Devices 
for  veriwing Testing Machines 
- _ . - - - _  
- -  3, APPARATUS - - 
3.1 Hand Torque method. - Manual torque wrenches shall conform 
to GGG-W-686. Torque wrenches, including multipliers when specified, 
shall be calibrated within the accuracy requirements of GGG-W-686, 
and shall have been verified not more than 2 months pr io r  to use. 
Measurement of induced tensile (or clamp) load in the test fastener 
shall be in accordacce with a suttable method as specified in 3.3. 
Test fixtures shall conform to 3.4, 
0 
3.2 
measuring and indicating torque within an accuracy of 2 percent of 
the scale employed shall be required. Measurement of induced tensile 
(or clamp) load in the test fastener shall be in accordance with a 
suitable method as specified In 3.3. 
3.4. 
Machine torque method. - A torsion machine capable of 
Test fixture shall conform to 
3.3 Tension. - The induced tensile (or clamp) load shall be 
measured by one of the following instruments, which shall have 
been verified for  accuracy not more than 3 months before being used. 
3.3.1 Load cel l  system, - A precision load cell, which has 
been calibrated in accordance with ASTM E74 in a universal Testing 
machine, and of sufficient capacity to develop the full tensile load 
of the fastener under test shall be used. Appropriate strain gages 0 
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sha l l  be fastened by s tandard  approved methods to the load cel l  
essent ia l ly  as indicated on Figure 1. Hardened s t e e l  washe r s  o r  
plates  as shown on f igure 1 ,  of sufficient s t rength  to sus ta in  the full 
t ens i le  load of the f a s t ene r  sha l l  be required.  
0 
3.3.1.1.  Read-out system, - The load ce l l  system sha l l  be used 
in conjunction with a s t r a i n  indicator o r  a n  X-Y plotting read-out 
s y s t e m  to indicate induced tensi le  ( o r  c lamp)  load. The complete  
system (load ce l l  and s t r a i n  indicator or load ce l l  and X-Y plotter)  
sha l l  have been cal ibrated as a unit and sha l l  be accu ra t e  within 
2 percent  of the test load. 
3.3.2 Tens i le  machine.  - A tension or universal  tensi le  test 
machine capable of measur ing  and indicating the induced tension to 
within one percent  of the test load sha l l  be used.  
be capable of maintaining the  induced load upon cessa t ion  of the 
torque p rocess .  
The machine sha l l  
3 .3 .3  Bolt tension ca l ibra tor .  - A bolt tension ca l ib ra to r  
of the closed hydraulic s y s t e m  type with sui table  d ia l s  to read  direct ly  
the induced loading sha l l  be used.  The ca l ib ra to r  sha l l  be accurate 
within 4 percent  of the t e s t  load and sha l l  be capable  of maintainlng 
the induced load upon cessa t ion  of the torque p rocess .  0 
3.3.4 S t r a i n  gage.  - A precis ion s t r a i n  gaged bolt or 
s tud  ca l ibra ted  in a tensi le  machine sha l l  beused  , together  with a n  
accu ra t e  s t r a i n  indicator.  The complete  s y s t e m  sha l l  be accura t e  
within 2 percent  of the test load. 
3.4 Test f l x t w e s ,  - Unless otherswvise specified,  a l l  
f ix tures  used sha l l  m e e t  a l l  the following requi rements :  
- -  . . -  
- -  3 .-4.1 Adaptors .  - Fixtures  sha l l  be  steel, heat t rea ted  to 
a ha rdness  of R c  45 min,  with a su r face  finish on bear ing s u r f a c e s  
not to exceed 32 m i c r o  inches. When s p a c e r s  or washe r s  are requi red ,  
they sha l l  be hardened and finished as f lxtures .  
specif ied,  hardened s p a c e r s  or w a s h e r s  may  be reused provided that 
they are resur faced  and that they rema in  thick enough to sus ta in  the 
induced load without distortion. 
and free of d i r t .  Lubricants  sha l l  not be used un le s s  otherwise 
specified.  
Unless o therwise  
The bearing s u r f a c e  sha l l  be d r y  
3.4.2 Hole s i z e ,  - P r e f e r r e d  f ixture  hole s i z e  shall be 
the bask  d iame te r  of the  ex terna l ly  threaded f a s t ene r  being tested 
plus  0.001 inch with a tolerance of 0.004 and minus  0.000 inch. 0 
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(Note that suff ic tent clearance must be provided to prevent bending 
of long shank bolts.) In the case of long shank bolts, the hole size 
in a l l  fixtures other than the ones in contact wi th  the bolt head bearing 
surface and the nut bearing surface may be enlarged to provide 
clearance for the shank; Thehole shall be perpendicular to the fixture 
bearing surface within 2 10 minutes. 
- -  - -  - -  
3 .4.3 Washers. - Mating washers normally used with the 
test fastener shall be employed under the fastener head and under the 
nut. When specifically permitted , hardened steel washers noted in 
3 4 1- may be used in lieu of standard mating washers. The hole in 
the hardened plate washer in contact with the head bearing surface of 
the external fastener s h a l l  be chamfered to provide clearance of the 
head to shank f i l let  of the external fastener. 
3.4.4 Mating fasteners. - Companion fasteners, when required 
shall be in accordance with the product Specification. Unless otherwise 
specified, new fasteners shall be used for each test. 
3.4.5 Sockets. - vvrenching sockets used for  the application 
of torque to the test fasteners shall  be capable of developing maximum 
torque without distortton or  failure. Sockets shall be in good condition 
without evidence of undue wear which could affect abtlity to properly 
torque the fastener. Sockets shall be dry and free of any lubricants. 
3.4.6 A l l  test fixtures and washers shall be retained in such 
a manner that they are not permitted to rotate. 
4. SPECIMEN 
4.1 Quantity. - The number of specimens to be tested from 
each lot shall be in accordance with the procurement document o r  
product specification. 
manner p r io r  to testing. 
be run without supplementary lubrication. 
The test specimen shall not be altered in any 
Unless otherwise specified, a l l  tests shall 
5, PROCEDURE 
5.1 Test method. - Torque-tension tests may be performed 
using any of the Indicated methods to determine the torque and re- 
sultant tension load in the fastener. In the event of controversy, the 
hand torque method (see 3.1) in conjunction with a precision load cel l  
(see 3,3.1) shall be used as the referee method. 
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5.2 Assembly. - Unless otherwise specified, the nut o r  
internal thread bearfn5 fa&-shail be positioned at two to th ree  full 
form threads  f rom the external thread run-out. In addition, when 
nuts are used, a minimum of one complete external  thread shal l  extend 
beyond the top of the nut. 
5.3 Loading. - Unless otherwise specified,  the external ly  
threaded member  should be fixed with the torque applied through the 
nut. I t  sha l l  be applied at a rate that will permi t  the t o h u e r e a d i n g s  to 
be  read while the nut i s  in motion. The induced load sha l l  be read 
simultaneously.  
6. TEST REPORT 
6.1 Load-torque d tagram.  - Unless  otherwise spectfied, 
the test da ta  sha l l  be plotted as an induced load vs, torque curve.  
The induced load in pounds (or psi as applicable) sha l l  be plotted on 
the absc i s sa  and the torque values on the ordinate (figure 2). 
6.1.1 Single value data. - When a s ingle  load requirement  i s  
specified the torque required to develop the load sha l l  be reported as 
the range f o r  the samples  tes ted.  
6.2 
test data: 
Test data.  - The test r epor t s  sha l l  contatn the f o l l w h g  




Companion f a s t ene r s  (nuts and/or washers)  
Hole s i z e  
Torqued member  (nut o r  bolt head) 
Test method used (hand torque o r  machtne torque) 
Test r e su l t s  
Load-torque d iagram or  s ingle  value da ta  (as applicable) 
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(Mating washers or 
hardened s t e e l  Hole 
Size '-2 , w y h e r ,  a s  spec i f i ed)  
L 
- L e a d s  t o  s t ra in  
read-out system 
(3 ,3 .1 .1 )  
Strain Gages ' 
Bonded 90" 
Apart on 
Cy 1 ind er  
Surface of y- I -i I , Load Cell ) I  1 ,  FIXTURE 
' I  
I !  
. -  
EASIC LQAD CELL 
-TrD K4 S HER 
TEST FASTENER 
SET-UP 
NOTE: FIXTURE TO PREVENT ROTATION 
FIGURE 1. Load C e l l  Testing Assembly 
0 
0 
TORQUE, Newton-meter (in-lbf) 
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-- 
BOLT, EXTERNAL WRENCHING, 1 7 )  160 KSI MIN TENSILE. 95 KSI MIN WEIR. @- 






























THE IS A CORPORATE STANDARD AND CANNOT BE REVISED EXCEPT 
THROUGH MUTUAL AGREEMENT BY ALL USING DIVISIONS. 
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W I O H T  
a  PER 100 
.90 ::s 
1.28 
1 . 4 1  
1.511 
;:; I 1.93 
E:; I 
2.57 
a n m   ALL aa STRAIOHT Y I ~ ~ I W M  .caCIR. PER ncn w SCRW m m .  
M E  CONCBNl3lICITY W THAEAD P D  IN RELATION To ME SHAW SHALL BE Y I I l l D l  .oob V I R .  
THB C O N C I N l R I C I T Y  OP 'lWE SHANX W RELATIOM TO 'ME UWHgl ?ACE DIA ANXI LUIAOW 






NATIONAL AEROSPACE STANDARD 
.CmoICLCC INDMTRICS A+SPCI IT ION OF AMERICA INC l7ZS DC S A L E S  STREET N . W .  WASMtNGTON. 0.C fad% 
KIHMUM "A" LMr- ONLY BY STFfEliCTH REFLXRFXE?:T OF S P F C I P I C A T F J N .  
DIMPYISIONS 'dn A N D  "L" APPLLCABLZ TO I I m R N A L  WilE!ICYTI.;O TYPB, CODE 
-IS IX A&CORDANCE \JIM MIL-S-@879 BEFORB ,LlJFR 
A X E  Um7( MIL-S-7742 hRE ACC.??'TAELE UIK'LL. 31 LECZ 
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MAT E R I AL : U14- 1050, 43.00, 4140, 4037, 4027, OR 8740 CAR8ON 04 
ALLOY STEEL. OEAT TREA? ED. 
NUT-SIX POINT. REDUCED HEIGHT, IF- 'A L PI PSI. I H14M 
. .  , _  
h 
\--ELLIPTICAL SELF-LOCNNG DEVICE 
1 1 1 1 I 1 1 i I I 1 
STERIAL: A N 5  hW4 A I f  V C T F i L ,  iFC.' 79E4TFD. 
f I, 
. ._ . . .- . .  
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KAYLOCK PART NUMBER KAYNAR MFG. CO., INC. 
600 S STATE C O L L L O E  6 L V O  9 F U L L C W T O N  C A C I I  * ( 1 7 1 . 1 ¶ ¶ 0  
H 23 
NUT- 12 POINT, ?2O,ooO PSI. 
b I t 





7 ELLIFTICAL S E L F - W W G  DEVICE 
L5PCINF @RIVE FDR 





' WlTH STAVP - K 
MATERIAL : U m  - MAP16lNe 5-L m. 
. 
KAYNAR MFG. CO.. INC.' KAYLOCK PART NUMBER 
e 0 0  s s r A T a  roLLcai  sLvo . ~ U L L C R T O H  CALIF o 7 1 . 1 5 3 0  
H 83 NUT-SPLNE DRIVE, 2fS KSI. TENSILE 
7 47 
@ 
I O I I R A N C I S  W I I S S  OlHOWISf  S * I C W I r D  D l C l U l L S .  t 011 AIYGLIS r 7 .  *,- 22 *-?I 
PfRfO.MANCI  US21042 b 21W3 N l S l l O l  
V f C l I K A l l O N  I NUT-REDUCED HEX .THIN, LIGHTWEIGHT, I LH3324 
I 450.F 6 900'F I LH3858 NIL-N  Urn7 
52 
748 
4 FASTENER DI /ISION 
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PER COLUMN R b 
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